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 STOLCHIOMETRY

—_—

This 1s a branch of chemlsﬂq that deals with

reactants and

Y relative quqn’rmes of
products 1y q chemical react(on

unﬂ‘tI’cq will_have sanmcqnt fiqures, cluqtts and

Anu phqsical

un(ts.
e.q 32 grams or 3Qq

SIGNIFICANT FLGURES

What are s(gnif[mn’c fiqures ?
LI A

“These are numbers or dia{ts that are known with seme dearee of
J

¢ confident

RULES GOVERNING SIGNIFICANT FIGURES

RULE 1

Rule 1.1 - AWl non-zero chq|+5 are snﬂmﬂcqnt 1-9 are always
J
Slqm{:lcqnt

ag 21234 has 5 sm qu while 46 has en(q 2

S1 4—1
'd

Rules concernmq Zeros

o Tralllnq Zeros

Rule 1.2 ~ 7Zeros to the right 0f_NoN - Zero cltcuts are cnl o

J
sngmmmnt f ~Fnllowec{ bu a c[ecmna[ Roint ¢ o__ncllcaf
by a bar. -

e
p— e

e, q 25.00 has 4 51%n1pcant 1qures
100.0 has 3 51qm€tcaﬂ_’tilgl.*£§5
2500  has oﬂlq 3 S%m_f_lc'ﬂ‘t' rﬂqures

[
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= _zero digits are not

Rule 1.3 — All zeros o dhe right of non-z€

llowed b a deelfs [
_significant €W&_{;&£—e’—}jﬁ

or mdma%?.cl with qwﬂﬂﬂ@—{n 1‘24)\
There,Fore QSOMS’Q%LQ__,LS%L%— \

10 _has onLj_,_j%LF%—— S

RS

e | eading Zeros ' *
i T TT——

Rule 1.4 - Lec\chnq ZerpS are nol: SlqanlCaﬂ't o
eg 0. 00035 has cnlu 'l 5|q th ]

° CaPHve Zeros

Rule 1.5 — All zeros in-between nen-zero c{lqt'{r\s are srqnlfqunE
e.q 10101 has 5 £|qnl4310an{: .thul'es

RULE 2 N
When mu[)flplmﬂq or d\\’[dlnj upulr answer mauy Oﬂl.Ll Shoqu rnqnq_________

: S
stqanlCaﬂ{: £lqures as the multlpller or divisor with dhe leask umber
of sxngthn’c {-‘laures

_—l———-'-/

f—'—""'-’-’/

€.q 4.56 % 1 4 = 6.3 = 6.4
¢

trtn ¥e ﬂ' =

has the ln;lues{r:n;umber neransger—

of snam ficant flqures S AT
__-———'—"‘"/’.

L LI _
\ _____.’H“,
I\//"

S S e
e b

B TR e

e, o T 5
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RULE 3 | R —

—

he ' [ ——
When aclclmg or subfrqchnq numbers , your answer can haye

95 many decima

aces as there are in 'Pne measurement with the least number of decimal
places - T

-

£.q 21,33

- ]0!0

11.33 )rhere{-ore the answer 18 11.3 .

Since 0.0 has. ag: the. least numloer of - decimalsg (it only has ene Azamq(

the ,Cnnql anawer should be correct 4o one decimal place or sheuld mlq hava

one. &EC\mg_L

RULE 4

The aumber in 4he convegsion factors | molar masses phqsnca\ constants ar

considered 4o be oxact ,have more signi ficant -quurES -i-hqn shewn and include

0 eshhhshmq the numloer of sxq.mFlmn’t -ﬂqures clunnq caleulationg |

RULE 5. (RﬁuNDlNG aFF)

~ I\'— the digit after 4he -quure 4o be rounded off 1§ legs +han S, then the ﬁqure

‘ne roundej. of¢ should Siuq the game . I¢ the numler is 5 or qrecrfer +han 5 ,the

the number of qQqune + be rounded off mugt increaSe loq one ( 1).

0q Round off 31,32 o one decimal place o ?ufnt
3l.32 = 3[.3

Round off  36.8%F 4o one decimal ?oinl—

36.8% = 36.9
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"“" ; ( o
| 8 bo
j e Unik Sym =
' ' ool | Basie Unit | =8m=m—
Basic Quantity Sym ==

W L metre =
s m [ ilogram | I ———
e & _g_e_cgn_@-L._ﬂ-—,,_.ﬂ-——K ;
i Kelvin

’ __—_________,_._-——'_'____'_

’fhermoc{jﬂmtc ’I[' e i
Electric current mogle 7 mOIl r
Amount of Subsfance n e = %
Luminous Intensity . |- Ty

et

\

Y

NoN — SI UNLTS: REGARDING. PUYSICAL ‘QUANTITIES TN CON
— ¥
T . 1 | (. | Conversion
Physical Quantity Symbol Unit 'Sff"l‘-bo L= 102m
T PR NP I TR
0 “g?: L Amstrong ___f\_____'J = e
- P A+mos|;\\ere, atm latm =1 a
Pressum - B : bar {bar = (OD 000fa
ar
Torr Torr 1Torr = 131.25Fa
= -1
Ene 9y E Electric Volt eV 1eV = [.6 XI0 ,
< ' 0 = T-97355K
Temperature T Deqree Cenhﬂrqcl *C 1°C L'T EER
emp L :
Concentration C Molavity N\ meH [ e
| mm H |1mmHq = 131.2513
! Prescure P Mercury q g

e

I e

PRECISION AND ACCURACY

ble

Procision indicates how close the results are o each other or hous repea'ht
the results are. For example, if you geb the -FOl(DtUlnj Yolumes clurmj Titra

fien

22.6,22.5,22.6 ,hen uour resul'hs are prec|ge But ¢ Yeu qo’c 20 .

llb*

rrr

—

I

[

[

{_

'{

122.51 4hen Maur resul”cs are nof Preclge.
! J

|

Accumcu ‘ndicates how close values are 4o the +rue value. For examplé)

I on a co[c{ c{aq in Tune ljeur thermometer reads “100°C”, Hhen (b U

b0 not. -

qccwa’ce For more conversien ﬁac’rors refer 1 CHE]1000 Lalo Manual. _—

[

il
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iy

In other words, accurmcy of an experiment 1S o_meagure of how cluse +he result
s 4o the actual or 4rue value , while precigien ®f 4 measutement igthe

emallest unit of measurement possible In bhe expertment.

0 | 1 cT, [l measurem
No measurement (n +he laboru’cor\j will be exact, Hence all measurements made

in_+he laboratory have an experimental uncertainity called an Experimental Errpr.
. T .
There are three waus 1n which 4o express an experimental encr § these are
[ T T

(1) Absolute error (i) Fractienal error (i) ?ercen-taje errcr

Never be swhspted with on|q a .smqia measuement of a quqn‘il'fq Repea-hyc{

measurements improve the pTQCISlOﬂ of your measurement and canalse chow

up careless mistakes.

mar leg aoverning Sianificant fiqures.
SQummary_en rules g 9 _signi fiq

11. Non-z2ero cluqtﬂ or m‘reqers always count as ;_E;’anscant fiqures.

2, Leqqu ZeroS afe zefods +hat precede all Ahe non-2zero dlql"f‘s ’rhese de act

count ag suqmpacqnt fiqures. In the numloer 0.0025 ane three zeros

$|mp\\! mchcq’ce the pesitien of 4he decimal pomb This numlaer has onlq +wo

SlanFlcaﬂ't -mqures

3, quhve zer0S are zeros between non - Zero$ chq:+s “These a(waqs count as

Signi iercant pqures “The numker 1008 has four srqmﬁ(:unt dlchﬂ or {.qures

Trarling zeros are-zefeS at the rlq\rﬂ' end of & number "“\eq are SIqmﬁcaﬂf:
J

enly ¢ The number contains o ded mal point , The number 100 has only

one 5|qmp|ear\‘\' -thut’e whereas the number 1.00 X 10" has thee st_qm tcant

The numlser one. huncireo\ written as 160.  also has fhree s.\qmFtcan’ffnqums

5. Exact numbers. Many times calculations involve numbers 'Hui__weie_.ugtﬁ_,

1C
oivhained usmq measuring devices but were determined loq cuuntifl%_ [C
J

numoers
experiments , 3 apples | 3 molecules . Such numbers aré C“”“l exact

TThey_can be assumed 4o have an infinite numbe riu%ﬂmgif_ﬁ!/

erence
O'H\QF examples of exact numboers are the QML,,L

+he sphere).

o Circle') anl 4 and 3 1n 5’ i\ Hhe. volume ©
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__.—-—-—'—"—'_'__.__.—._’——._—__ T
nch g

; i example , one |
Exact numbers algo can arise £rom deginitions . For ex

. - bl b e s
defined 0g exactly .94 centimetres. Thus , in the statemen 2.54 o

L ey U VR Y

Y - {aniFicant £iqureg
neither the 2.54 nor +he 1 limits the number of %ﬂF £19 %

used 1n a calculation . | —

1. For multiplication or divigien, the number of nganlmnb flqures 1a the
result 8. +he same a8 +he number in-the least Pro,ClSe measuremén—b—i&";df{

the calculation. For example, congider the caleulation

e o
__—‘_-__‘-\-—

4.56 % 1.4 = 6,38 Corrected , ¢ 4
i ! e
limiting term  two signipleant ]
hers a0 sigificant frqucres £

flqures.
J

TThe product eheuld only have o GfﬁniFfoqn{‘ flaures gince 1-4 hag huo
: —J ' -

sEﬂnI‘Ficnnl' £lqures .
J

2. Foc addition or subtraction e result has the came number

of decimal places

as the least precise measurement "ysed in He caloutadis n

—

12,11 - S————— e
18.0  — R R . ' « : _
ok 1,018 | f‘_ll."if+'”8ferm_has one decimal place
Bl 28 trg v bormesiad o b i

P,

Note that for_multiplie —

L \S.I ; ’
For addition and sulvtraction. the dedimal IQC:; \ecahik |+guzas are couled-
r Ave counte
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8’1 ELEMEN TARY 1DEAS oF ATOMS ,ToNS AND MDLECULE L
& | ELEMEN 'AR- S
. _

of atems, 1ons of molecules . o

All substances are m de up

Toch element i¢ made up of atoms. S

| £ach atom 1s made up of protons , neutrons and electrons. Electrons a

y-levels.

contained in +he part o +he atom called or Known als Shells or Enerqy .

electrong are neaatively charge:l and neutrons |
J

s

Protons are ?osiﬁ've[j —charged |

; )
do not_have charge ot all (they are neutral ) . o

-'-'--_—-_- e ————
ber of prtons eqluals the number of electrons . Thus,the

_———

Tn an atom , the num

'-—-——-___- v
charge of an atorn 1S Tero (o).
RN

'-—-_'-'_—-‘—-

.Par-Hc[a o, | mass \n gams _unified mass ' (4) .
Proton q.1096 % 107 5.0005489
£ [ectron 1. 67276 X 10 “*1 1.00%2% % |

__P 1. ¢74a% x 107 1. 008665

Neutron b 1

 1u = 1.6605 x 107" grams. - ' o

I—————_

1u = 1./NA , where Mls the Avbgadfb's constant . i
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- | ‘ ber of Neutrong
| have the same number o otons, butdi nt aum .
Isotppes have Tne =

f{ ce Ahe dipperent mass aumbers . a model of representatien,

ente following mo eranien: |

n element can be represente by the l
W

X
- 7 = the profon nurber e

Protons and neutrons mluq[ +he

ISO‘tOD.IC Mass (An ;______.__._—4———'—"___;{_"_?-—\
‘ . ‘aptopl red_usin
indi ¢ magses ae measured o
Recause of less of mass 1o binding energy , isetoplC m q_
Hhe Mags Gpectrometer f MS) ; —

! —

Momic Mass (Atomic Naight) or Relative Atomic Neitjht‘

—

!’fhe atomic_mass i$ the average MASS of one element . “The units fer atom ¢
| | mass of elements are based on Carbon - 12 . The mass spectrometer (ms) 1

caliberated o read carbon -12 at +he ?@q;( of 12.0000 q.
| The atomic mass (A) ‘of an element istcaleulated as :

| | P

A = Z. ALt y where- Ay 1 the {seto?fc mass and
Fi 18 the Percenhge abundance. / 100

i

1=

EmrnPle :_Caleulate 4he atemic mass of ecqrbon given that 48.89 % o
J
carkon atems weigh 12U while 111% ef them weigh 13 (L.
‘ q _

| - AR F = 120 KA :
Answer ih + AjF = 12uX48.89% + 132 70%

[ 100 160 100 100 f
= 18198 + 01443
= 1'1.01 vm“‘.s
e
NTE . Fo & F, should equal 160. -
l e S S

|

‘-
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0 | AVOGADRO'S CONSTANT

i

S s defined as the ““’“"’” °F atoms of mulecules 1n one mole. %qt_::l;a
— number of carbon in 12,0000 j__q[.‘ carbon 12. -
,-'—'"__—-__ T
N, = 6.022 X 1023 /_n}gl
Tt is olmost like a collective noun e.q | Pq',r of shoes = 2 shoes

1 mole of shoes = 6.022 x10% shoes

Formular For Calcula‘fing Mass of One Atom of an Element in Grams

g of - -4
Mass of = A % 9 £666%1D 9
one atom

Rememher Hre conversion factor ¢ 1 U_= 1.6605 X {0°*1 q
: 9
A ia U = mass op atom in qrams (um(—‘te}ﬁm\

Mass of atom — Ay x 1.6605 x,_u)"“*3

n grams

1u -~

A X 1.6605% 107 q

~t

)

Exomple 2 Calculate the mass of 2 qrams atoms of oxyaen.

Angwer . qus;gafum = Au %6605 x (07%F
- (16 x Q) % 1.6605 X107

A3 X 1.6605 X 1D
= 5.3136 %X |07 grams
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1 Formu\qr £or Calculating -Mass © One 'Mole -© Atoms
L e
Moss of Imol = A “%@Qé%{@iﬂ——i‘éﬁ%‘ﬁ‘fﬁ\
of atoms ﬂ
' \‘
1 mole of atoms = ﬁrj :w\nfcjn is the same a8 A mot , \‘

On the penodtc, table no unite are shown , Thus the units will "r@m'

oy are lpot{tnq gor._For example, 12. ol for carbon_en he eriedic fable ,,

|faken as - 12U o8 the wmqh'i: of 1 atom or 129 as the wthht‘ w

Examyl& 9 '\ Caleulate dhe number of rﬂ_D(S' Preseni; in 54-3] of a_rlu_wfﬂ‘\

_

Angwer & On dhe ?eriodic tuble, one mole of Alumintum uﬂfghs L@w

54 o/

Tl AW
“Theunre there are two moles of Aluminium in 54.q o Alymiriu
R . i
1“10.“10‘: = Ofn
Aluminium - J
% miles = 549 —
: P A eng . ".,_ ol
Kk moles = 549 X 1 mol of Alyminium -
- 2%q wl " At
ST S
moles of ﬁbummmm_ J—
_/”/
_/’//
_l-l”//
Lt
—_— /”//
|
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THE MOLE AND MOLE CONCEPT I

r-

“The number of moles in a subsfance ean be calculated in geieral wiys - The

number_of moles is denvted by 4he N .

The pormulars used 4o caleuate moles pf Substances are as follows :

aSS TR gTams tgtven)
1.0 = ' g _ m

Molar Mass M ta|mo| mm

2 N = molarty X volume = mol /L % L
3. N = ﬂ_ wheve P = pressure of & gas
RT R = Hhe gas constant
T = temperature of a qgas
V = Vlume of a qas
To understand  n = ﬁ';nm : what 18 molar mass, or molecular weight ?
! J '

MORE ON ROUNDING OFF AND SIGNIFICANT FIGURES , ACCURACY

AND PRECISION .

- 1t (s incorrect to round off sequenfm[[q

— Tntermediate rouﬂcfmq qwes a srpqanlcqﬂHq le,Cerent result +hah that which

can be obtained bu rouncfmq eﬂlq a% the en 'Therepore do not round of

bo,;oro, —}hegna[ answ@r 18 arrwe& at . Onlq rouncs OFF at+he end. .

= When measuring_guantities , more precice measurements chould be +aren <o

]
+hat more ?rectso, ree.u[ts maj be ochqmec{ Remember +o measure o series of

aruan%iiries 1o the same. ?recfsfon } do not use difrerent: Precisi ons.

Ksia n = It  where T = current (&)

I
£ t = time (9
' f = famday's constant (26485 Cmal” )

Scanned by CamScanner



oo 2 1
=3

Mole concept Prouiclee o_simple mole to mole (mole —mole) relatienship in

Jhe. &Dllowinﬂ chemical dimensions :

() SPecl’es In o. molecular formulqr.,

(i) Species n a chemical equation

Exomple i Balance the following chemical iequation.

M

Hp + O, —> H,O

QHQ + On _— 2H:-.O

“This balanced equq’ri-on"-.,shows-%gum[qi:ionship-ogl' +he reactants and.

oroduct n terms ef +heir respective number of moles.
\ T
Hence we can deduce the {Ol[owlnj "lmpérrhqn{- eq‘uarhan "

-4

nH., = nDz = He0
2 1 2

We ean now ke dlle 1o ,f(ncl out +he number op. moles of any chemical substance

in_a chemical equation aiwen sthe number of moles or grams of another.
! J L]

—

\ ____-/_’_,/—

e —

Scanned by CamScanner

Scanned with CamScanner



QuCTURAL FORMULARS

8T —

mpound or melecyls
The Empirical Formular E.F)efa substance oC.C H Cuhw
¢ Empirical 1o e aimplest atio-

: mp'e _
shouss +he formular of a CoMPO 015 CH,0). .
o mular (€:F) of qlucos -

For oxample , the em irical

und_or_melecule
“The Molecular Formular (NLF) of a gubstance , compo 3]:5_@3

. r Substance .
the actual number of atems N a _@rm’uﬁ,w

d alucse & Cep s
—— . m ‘
For oxample , the motecular formular (M.F) 1a a compoun glu ge “_CSBQQ!

—
The Stauctural Formular ( &.F) ghows the actual amnymnk of Mﬂ
in o mmPaund. R o ity .
Foc oample _ let ue ansider the compeund glucose .
H"' c =0 i 14,7 gl a® L-.]-.n': SRR O3 it
| —_—
H—Cc —0}
l g ;
H —C= OH—- | —— —
1 - - .
RHo—C— H

o~ \ - . ‘I
HOE, 07 50 e IO o e !
. 14 s R BT T .
CH,OR

Determination of the gmpiw l
T lg[ m” ars

. [ —______—_—_'____‘—‘—-———-___
— | One medhod of do.fermmmc} the emmuﬂdﬂﬂ%igf_f’m ¢ = ¥
= of_Campeine:
—_— \ —_— e
e
— 3 The_mdeculnr T
reeeae fomula foc o substunce i 4y el m T
— |t odomg are o and 482 S'hnci:: ﬁk&@_t_*@ﬂ&nta&m howr
w .

. ; o substeng in e . L T

bk et seiin g
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E)mmplﬂ + Determine +he E.M.F and M. F_of +he CﬂmpeuncJ tHhat 3N€~S o
 the .followincl Perrem‘qjes on qnalgjsrs : F1.65%, of Cl;24.22%
': ~op € and 4.0%°/ of #. The molar mass 15 98. ‘iéj[mnl

l6 |

,Jé:[umn t EME (L c M .

: ?1.65 24 28 4.0%
| 26.5 12.0\ 1,00 §
Ii & P T a'o'i[ ﬁQ.Oli : 4-‘04‘
Q'OQ\ QOQ‘ 4 .04
1. 1 2

| “There fore , Hhe_empirical formular u -ClCH, .

] M.F > Caleulate He molar mass ef each of Hhe element n Hhe
| compound . CLCH,

’ H= 1.008 .& 1.008X2 = 2.0(C glmof
CL= 355 > 35.45 X1 35-45 ﬂmar
-9 . .= _I.Q.AQ.I(_.-‘-? A2.01 A | 12. Oﬁj mo’

’ﬂ.en qc{o{ wae molar masses and HHQUu d““d-‘ tt info Ae
total molar_mass of Me compeund _ CLCH, .
| 0..006 + 35,45+ J2.0] = molar mass
‘ 4A. 476 q[mu( molar mags of E.F of CLCH.
9396 9/ml /41 4tbgfml = 2 =1

| Guege, nCICH, = 2CICH, = CLCH,
=— M.Dlem Formular = g_.a,Q.HL-

[

i
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ﬂ

£m9(3z

Cﬂltulul’o.% amounEa(l weter procﬂuceol when Cléq UF 0Xyq @n\g

with 1. 1q of kudrbq@“

Splutren:

Ha Opy

09[5\1-'_ HG!\—-—}
09“ QH” ) = QHaOm

Ny, qﬁahﬁ‘

5Q3[ mol

—
| — — i _‘ L ____. ___—-h-""\._
= ﬂ_u_& = 10 1 q = 5 mols

—
Q-.O‘lﬂ[nwf
- . S
I s di 5 " K __—__-_-h-
— No, My, =
b 1 x—
: = MIIPRSA 2239%3 duh RKITIMIS
: . 3 nwts 2.5 mtsLs o
i’__ it LT i TG Y, LR R 0 Fee 3% e o i 0] .
._ (ﬁwmﬁ;m “NC[H‘:CI% qqs lG’Hm hmrhnq rgqqm(; = S Ty T -
- |
E_ ] 'f- i -~ |
[ S Uoonis il o < :
; - ]
- Shaly "*T X ) ) !
o tsiibi) 49 ity B
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20 PERCENTAGE YIELD
: Net all reactants will 4urn indo produc+5 Ina real lipe |ao situation . What yout
- lgek in Ae lab 18 4Pe actual *ﬂldc{ What You caleu{ate on paper 18 Heo
—Wuwrehca uue(dl
Porcontage Yield =  ocal gield oy 5p-
s +Reorehcal ‘dfe,(mf
for mamp[?— LP— you enlj aekt GSq of- tte0 ffﬁm percerrfaqe_ qLeH _A x (00
ubuch, unll glve_you W%, |
Que: | Methanol (CHB GH) also called meﬂat}l alosbol 1¢Afe simplest aloohof . Tt 15

used as a Juel In [@ce cars and 18 a_ potential mp[qoeme.rvc dor qasoline.

o
Mettianol can ke manufactured. loq wm\ai“mnq gaséous carben monoxide and

kqérbqen Suppose 68544 CD(ED i reqdeaq withh €-60 kq Ha(9).

Co.[mta’i:e ffﬂml:u:al mef:iﬂ_Jof— metfane . T 3.5FX 0% 4 C{'L;E)H—(\me:}ﬂam )

18 ac%uallj ch{hcecﬂﬁ wé.cﬂ: 18 dfe percent L{\EM. of- me:’rha.nsl

ns: | @y Wast Chsot(e)=——>" COEMY H,(9) :
cmour(uy——? c0@+ 2t (o)
Fist we colculafe he buwhnq rea&fqn% trﬁ%'hms Iﬂlafamfi .
n=m/mm . ks For nzml\MM .
Ny = 8.60% lBOO/Q Ny, = 68.5 W00 [ 12416
Ny, = 8600 /2 ~ - N, = 68500 / 2¥
N, = a_rgofomrf Ne, = gicpe 63 mof
Lot - Mote —mele ratle o 0 ond P = | (2.
‘ = 244608 . Mot o co
b, - 2 @200 4200 2¢96.%3
. 2 ‘
= 9150 2446 .43

“The bwiting reactant was Hudrgen qas -
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|
A, + (O —> CH;0H e
43 : 329 ' - K
I agf)—> 32q op ChsOF, Whab would_ 2,60 ?&Q\m.
49 = 2249 :
000 K 8.60 = ot —
Ax = Qcobd x 32 ey,
Gxz 238200
2 i B st e T
z { . ey
2Lz 68,8009 er £.8%x(0Vg . . e
k) Poront Yfiold = ;m—gﬁl.—" XABO s { il i L
P _ : ~ hesreticat — | s
oo Spogleld = .3.5%% (0% T i
| e —
[l % Fyleld - = i 0.5254%100%,.. | | |
% yidld = . s52.54
SOLUTION STorcHlomETRY
Molari{'j w concentrahion 'm mel [ L . —
M.D[GTLUL'LI L% %WMIOQFO‘F L -
S . % '
The concentmfion of a ds Ny % Solutton.
Howener, the num\auwg,\///
e Nl = Oy ches ot chango uten o solution 4 di?
&mmm_;__;_ WS T



Caleulate e volume of 0.2M Nadit needed 1o make a_diluted slution

ggcgncenm%ien 0.06M and Wlume RO .

Data: M = 0.2 M M, WV = M, x Ve
M, = 0.0eM 0.2xXV, = 0.0 % 30
vl = 3@[—- OaQMV. = D|94-h'1&f

Vi = 0.04 mel /O.Q Smalx/l_

Vi o= 0.04 (0.0 L

Vi = 0.2 L X 80

V, = 6

]

——
——

REACTIONS N <SoLuTioN

Acid - Base reactions happen between acid and bases. The definitiens of
an acld accorc(inﬁ o o\/{fFererL{: ?i‘meenlrtc} scentists are ascFof(pws:

1. Bronstud_— Lawrb{ . An acid 18a ?m{'on donerand a base 13 a fm-!nh

accepter. (H1) proton .

2- Lewie ! 4n acid 15 an electron acceptor ,and a_base 18 an electon

donor,

3. Arrheniug

HA 4+ B —— A~ + #B7

act d hase
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Rules for qseiﬂn'lng exidaticn pumbers

o Ccm?ounc\ Oxidation Number Exception
1. Pure clements eq Na(9), 0 o
- AL(S) , Fe(s)
2. Diatomic molecyles or 0
neutral moleculeg 2 H, (4)
On(g) ) NJ (3.)1 COQ(S)
3. Compm.mc{s e'-g Na Cl (8) 0

ZnS04 (aa) " —

the oxldatmn number
0 for

+he whele compoun&

- N\onua'{;omlc lons eq Na' A

0

Ra® , Ca®, AL

The oxidation nurmber 18

équal’to Hm-chqrgem.-ﬂm. .‘

lon. E.a Nat = +1,
~J

2einis il BogL

?;-}'Q y Cl._.=..-~1

.2 0

5. Polyatomic 10ng.

The oxidation number i

_&qual o the charqe ofl

the entire 1on.

6. F in Cﬁl\'\?nunc{s -1 -
=, : . eq HF -
N
' -' e
+._Oxyaen in_compounds . = s . .-'lrl.'_ﬂ_[‘-‘_‘"_'-“&{_&me_@_
U { | . >N : .. il ;.[-_- 18 _-l_&:g Hz 0:
(&) = . ) . .- . ___'_,__,___.+———-——-—'—
B . . SE g S dride (H (_)
; . i g sl sengie ad[lne ahy
by g Hg}drc%m. AN com?eunt!{ . il Mﬂ ah
. o

4
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25 it uber

Comlpounc‘t m

' +1

q. G\roup One (1) _ m

Group Two (2) l/’ﬁ/—ﬁ
Group Three [2) N S
TR Iy

mpotn "

0. Transidienal Elements De encgstﬂi%:bhe(;;f 7 e
lln Uj‘gilC\. e : ; | : =
foun: e —

Y N - ——__‘\

M. Carben in_compounds ' Mn’; Cry ®ny Cu, Alyitus LN

e o Indermge+4 o4 o
Bolancing Redox —Reactions

There_are two-methods 24, "Oxidation sumbers (Research) 1
. Ton - electron - method: - ;__’,;
sing_the lﬂﬂ‘_»d?d‘f‘en-"m&hod to balance in acidic media -}
. . . . . ————"‘"’/k
Exemple : Bolance he reaction below in acidic medin | —
Cr, 0% -PCX —

e M&”\(w\@l&c S+ B0y
N_:T,: _ A Balanceol equaﬁofqorq chemi cql rachen indicates 4he"5ube+ﬂ”f‘15 H
ale. Tt ¥ Nﬂ)ducecﬁ og dfe O
PrOCQ. PmVl €S No In Ufm&_hon 'h“ =

(H however alqmds‘ how e 120
(H) 54| scours ’Tﬁdmces% by whieh o reacfign- Y.
pit o L Mephanigm. eccurs I called] e Rooch i
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2.8 3
&tep 1 = Spliti4he reacfion into: 2 —half reactions
{, Cr0.r ——-
i 2(C) + #-2) = -2
b QCr-— 14 = -9
Al = 12 ¥
2 5 |
Crc = “I’E_é_ = Reduction hql{-“ —reacdion
We see here that Cr hag been rea[ucec(_ Lrom Cfﬁ v Ce®'.
CH, CH, OH > . (0, + HoO <= Oxidafion reaction
G’ce? L = PRalance all atoms o_xce?t 0 and H
Cra 05 (g —= %,
CHQCH& QH(""I} — .Q'C'OQ[Q'}- + Hq O[l'}
Step 3 = Balance okygen Imj qc{&ing HiO on side witb less O,
E_ Cro0:% —> 20™ + 34,0
"'“-—————__Si'-&{:‘ A = Dalance H b‘jj addina HT on side with devr H.
| Cro02*” + 148 —= 20 + FH0
— | CHeCH,OH + 840 —s 2C0, + W7
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. S’cvp

_______________________

. y q the ¢ :
= balance charges’ by adding elecfrens: en &3\

lmqlner cﬂxarae,

Cr 02 + 14nt —> ac:r“+ TH0

CH,CH, O/ + 34,0 > 2CO,

o™

-2+ 144t =

12HT+ Ge” -.--—'——U

9] =

1t

=
_
A # ‘. ‘
. ‘.!' ] . I /
—_—
Drodd. e '
o :.'~ :
= b .
3 }
“71 - oy !
‘ .
t ? :
. (. | = ;
; ¢ 2T g Y i
——ee
8t . )
LA TR 1= N
‘ } i :
x S r Mt S 3
5f A e 34 :
35 i v e A\ =1 1 g t
' o '
L, | g - |
T ¥ e
) : ] .
" £
i \
)
=

| Sc.anne.d by CémScanner
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Palancing in_Acidic Media and Basic Media. .. = ;.
J _ .

29 |
A
= Balancing In_&aglc Media
B e T ~J .
T Follow all Steps ag ba!qncmq 1n acidic media..
~ Add OH™ equal-i:o number o[: B on both. .stc[es
- o™+ HT = H.O . Sublract the extra water‘
Ch, CH,OH + 2Cr o,,, . IéH*+ IGOH — acoq + 4Cr3+-+|m,,o.
. ./ +1600 &
_ | - ape 2t -
I CH,CH, 00 QCrloa’é .+ 16 H,L?) —2 %.‘f’ﬁo?i*_ffcr- _¢||H10+|e¢::1/,
all ”H:_O = 'IHQO
R CH,CH,OH + 20r, 0% + 54,0 —> 200, +4Cc* + 1604~
jSa V) i
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GAS STOICHIOMETRY

Characterists of gases are a8 follows

) hithq compress{ble_ 125
(1) -Hwermqllq expano\qble

(i) low VlSCDSl%L] ¢ oy - R
x.—
(W) have relq+lve\u| low density
_.._—_‘__“\‘*r'
[v) no qwa.cl shape, or vnlume. {2
L

‘| Measuring  Preseure RRTE: P S L U TS
J »

Gases exert presgure on the wﬂ(ls of +he con+mner Pressure can be

| meagured i usmq o barometer.

The Gas Laws

—T

1. BoYLE's LAW

Prwnclec\ that the tempemture 1g Kept congtant ,the ve|umuf-j;8@—"

i mverselq oroperhonql o lts pressure .

__-—'—'-_'-/-
4_——’_‘-‘-‘_’/;

P\ vl = P5V9

"/

L] _///.
Question : A gas ot 9 atm is compressed from 0.8) %o /0,5},/

quculcd:e, the: new pressure (QSSummq +he mpemiuj_@,lé,ﬁﬂf-/

constant ) e

/

Answe - Ejs&\e{s Laor 3 P = Qﬂ:l:l\’\,- Vi = 0.8L |Vzw

P‘.L = PV = P= Ratm x 0.8 l_//.
Va 0.5L ///’/

0.5 L /
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4
| 30l2. CHARLE'S Law ity i o
f At constant pressure_, volume of a 3015 1 direc’c[tj jlaro!::or«l-l'ond 1o +he temperature,
- v
. T Ta
s Example : A gas of volume 3.8 L ab 50°C 1s heated fo 80°C. Whot
| will be ks volume at $hig temperature ?
1 | 2" I /P2
g Solution: Vi= 3.8 L
vota Minai 90°%€C - 10 swzzwg AN _Vq_ k2a2
'TQ_ = 8O°C- 'Tl - '-rq_,ﬂ p
T, = 323.156K
T, = 353.I5K B38L oy Ve
Yo = 7 323.15K - 253.I15K
i vV, X 323.15K = 3.8L % 353.I5K
— y%(zazfrs/K)-: 1241.9% LK
i L :323A5K ., 232UEK
| o Na o= 415293132348 L
d No = 4.2 L -
Jh—_ A .
1 NoTE : “The temperature should oo’ converted o 4o =KelVin seale alu—abls-
i
p . /// e 5/
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Boule's Law Graphs e WA o i,
, e
4 7 g
- ‘-
\ s e ’/ —\
\ //’ \1
! v : ) ﬂ\\
3. _GAY - LUSSAC'S LAW :
i .*_“”\

At constant \mlume -Hw. pressure of a qqs 18 cllrecl:[q propoffmﬂg%

-temnem’cure i = T3L =
E e & _ T
| [ ) :-; © ("’ —_ Tq ™ -
4. AVOGADRO'S "EAW -
Equal volumes rop “qases at the same ﬂmperature has equal number of
par’ctcles fmoles) = L S
e N =-al ';'l'xskere " Vo= Voluime s tevs g b T a9
Q= censtant
N = number of mofeg :
5. THE IDEAL GﬁS LAW

An ideal gas s a gas +hat Afolluws ‘Boﬂle‘s Laur,

Gas La,uu’

Al the .Four gas lqws can be cemlmnecﬁ 1o ﬁrform one laws calleJ Jhe Icl

J
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Py = NRT ,where P = piessure K = gas censtant

=T > v = velume , T=demperature
sl ﬂ = l'lum_l!}'l n.[- ﬂ‘u[ta e M
f"’",Th as constant 16 ©.08206 L.- catmemel "« K. When the pressure
e

18 measured o 4erc -ch Sas congtant - become 8 tunL\‘.‘D 62.364 L-torr-
mol e KL

GAS STOLCHIOMETRY

The molar_volume ef a aas at ctandard {emperature and_pregsure (st-p)

can be calculated using +’m=. .JEcrmu[ar « PV = nRT . The ccnchhcns a_F:

Stop are {atm and 6°C

-

Example : Ca[cu[a’ce 'Hm \mlume. of 1 mcL g’- a qas a{: St.p

ciddion: PV = nRT__ fi= °CF 293.15 !
Y= nRT[P . o il el

o = 110.03&067124315 K = 0°C +233.15
i K = 233,15

5 2hia y -0 C = 273.15 K

e 10)15{ % 0. 03206 Le uhn.n;et‘ K“ x 233.15 K

IR s

N= 0. O%QDBL p.S 9.43 15

N = QQ.4|4G8‘I | 5 -
vy = 22.4 L

.-n.;_,\-

'T‘NS one mele DF Clm! qqs at S{nmlqrt{ rcom vtgmpern.{:ute ancf pmSS“rE-

et P\ eccumes 22. 4 L e
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res |
Z3 | Dalton's l.aurﬁﬁjgml,ﬂ‘ﬁgﬁi’/ Py
//ﬁ
Partial ‘pressure (P.P) cefers to the pressure @*Brfg‘ih tq“ indivg, "
qas In o, mixture ef aqaseS, OC p. P is the pressure : : a3 g
exert U occuplec\ o container alone. cMmq up_all %

|total pressure i P(total) = PP ¥ P.P, -+ P Py it eit .a

Plintal) = MRT o N.RT 4 NRT 4 euhic D
v v TSI
; T
Plotal) = NRT .- zop 0 sowlay wiye 5 )
Y I3 2 aplaenag o prizs Aebuiisie sd o
T
P-P. = numberof mols of qqs‘[ Total presure
otal “number of ‘mels of - PR R Thy
all qases
P'P[ = Mole ’{'mC'HOT\: X total @fés';;ure &
Examgle 2 46L" of. holt o __
F ' hﬂl[um nC{ 11'_ oF ox en hﬂth QI.T 9'50(: Gﬂd 1ul_‘|

Ore_pumped into'o 51 container gt 95¢ Cs o e

Ca[cutate the ur+.q[
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Collecting o 3M

ul_when a gg_ms;cgﬂgsﬁihﬁi%b

s 1 16 us
baH’DﬂS luuj of P.P ﬂ;’,—/% {:el' the ‘f:otal essurea ,H‘[{

h
\water . Since the gas 18 bubbled through wet
et gas 1g the Sunﬁuf P.P of the gwmgum PP,

e

water m‘aour\

/h
Example ¢ A sample of golid pwmeKCLOO WES figy, TS ety
In o test—tube and d.o,compOStad Mﬂ%—’—\

T e

AKCLO, QKCL + 202 .

The_oxyaen wns collected by displacement ef water af 32'c

and -Hme total fresgure of :F54— torr. Calculate the P-P P ot

o%ygen das and_mass ef potaSSlum chlorate | qwen that the

'|:0’CCLL MeLume, of qas ums - 0.650L and Wu)our pressute.op

water ok 22°C  1g 21 torr.

Solution ¢ Total pressure = F54 orr ai:“QQ" o

'\fapouri pressure = 21 torr at Q2°C

[0 of O F PP of H O (weider)

} ~ Total Pressure =

‘ f wet gas (mpuur FteSSUIe)
T TP T —
] _

e Tt32 torr-- - &

Lad
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Molar Mass of Gages - - —;

|

“Th ' ' ndhe lab. !
e _molar mags of a qas can loe mecas.utrup,cl1 { _ —

The_procedure it as follows:
A flask i welghed. , 1quwl s added & Wt and then tk 1 heated ; ng

water bath . “The quutal seon fills the volume of the flask_aad the

. pressure, i oletermmec{ Fma([q +he flask tc copled ancf mf’ﬂ%\
L N_= mass [wolar mass = PV/RT Y
- - O
d. mass/molar mass = PV f RT O
3 T T
- melar mass =  mass X RT / PV
T T
& molar mass = mass X RT
E = P % Y
| molar mags = mass X RT -
= ' : V=% -7
molar mass =  density x RT
/ molar mags =  density RT |
3 P
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=& Kinelic Molecular Th?ﬂj_

———

S—
—
— i

of_Gases

i e —

GL@\?&A“’;_@L@_QE__?MHQLQS calleoul melecules.

@) “These melecules are 'm censtant motion -

e

container,

(W) Molecules collide with each other and with +he wals;(-—}he—_h___

(W) Molecules do not attract each other.

) Meraje Kinetic enerqu 18 o\irecﬂ-j ?rclpor&ienat to temperature.

Dif,gusion and. E.dpgusion

Merusion describee the movement ef molecules from a place of hlﬂl«

concentration’ to Low . concentration .

When two or more qases diffuse, +henj mix witheut .lpormimiqI a. News compounc
U LR = .

coo

Ny

N

etu
Lo

—>

ASAYS

- P,
[FAPN®

oG

< NN
r .9

—_
—e |

{

Effugion descri bes +|m_1aqsgaqe(1l:qssin3) of 9(15 molecules -Hmrcuﬂlr\ a._tgng -
T} - 1 SRR - -;

opening and into & VAGLUM.
] J —_—

’0 (;OC o 0

0

Co00 . 0f-
| Ly

{3

v 0

—

v
Pl — Y
v ?‘.'

0

1
o

g

~ (J

O N
B r" -
boC Y VT

&)

When aas molecules collide with each other,
)

vacuum

Mjoﬂfbég_mgqgw_.
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v "y
. The rate of eptusion is the speec[ a’c ushtch he Q_S me\re[s -leouql-%
i hole 4o the vaccum: ! ' ’ )
. Grahom 'S Low ef Effusion | E . ]
—~ T
- 1:“he_cate of o,{ij;uslen 1S m‘ﬂgrsp,lq propof’clona,l 'fo‘f:he .square rooh of.&{u
N mass of the pur-hcle (or cienSI’cq or mlar mass). - ' ey
i Rate ef e{fusion ef 3&8-"1" £ \I_ Mmg - te 2% ki _
~ Rate of effusfon of qu 2 NMm, t, L
= Rate of egrusion is also 'm\Jerselj ProFor‘f:feﬂa[ 1o time.
4 K.E = Zmy*
) -'E' 1 " e o -:'I. 19 i NIE L= J:__' v -
P - -
N K.E = 4mu , where~ = mean :velocity
oseagner P o povnsel b adtin rhe wso i .
. a = fu* B
_ U = Toot mean welocity
) (urms = = -——SR'T i
M &
T ginid b drsdt 2ulitean aen s e ——-*‘_ ]
P\abe of eFFMSlen of: qas 1 VSRT/ M e
- Rate of o,Fcruswn of qqs 2 \[?;RTTMNh T
Av'o_rqlﬂe, K-E = N& (/p_mu,"‘) L
. @ﬁe.'.;‘ Caleulafe thé’ rbot meain SQuarp_ velocity for the d.foms na sample o[l hehum 5

s '{33-' aﬂsa.’: QS C : ‘:' -“- “ -' -:’i. — : ::‘:Iﬂ: nlt"-'"".'_l SRt KON oty :':-'-....;'

oy

i
W
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T=25°C + 248.15 = 298.15K

R = 8.31¢5T/Kemol

n = mass/mm

mass = NX mmM

mass = 1 X 4

~_mass = 4 grams of fle wm 1 mole or O 004-kq n 1 meleoﬁHe

mass = 4.00 % 1078 Kq[mol

’urms o —\GRT/M -.-:'!=":

Uems .= \|(Bx 83145 X 298.15)/4.000107S

[t

3
o
I

1.36 X (02 m[s .

NotE: | Here , R = 8.314S T/ - msl , et 0.08206 atm.L-me(”s K™,
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~ QUANTUM MECHANIES A

— 4. ATomlc STRUCTURE AND PERLIODICITY
| - S -
| ELECTROMAQNETIC RADIATION -
]

I oy electrom
—— Une of the ways that eaerqy travels. {hrouﬂh @»Pa“’ s =t EC'H jﬂehf
——____rar{mhon The |a3M from he sun ,Jhe enerqy. ugecl to CCDK'fOOC[ Mg
——— Imicrowave oven, +he X- rays ueoc{ by the. dentists  and the quhqnth
\{rom Q -‘.‘ler[q(Q afe all examples of plec'tromcajnettc radiation . Alﬂu
Amse_{oms of radiant enerqy_seem og,ute dipperent -Hweﬂ all exhilot hioit 4,

_[SQFT\Q LSPE Of We mqwllKe hghqu;our‘ qncl '{'I’QUP Q{' ‘H\Q SPEE({%HI ma

\ﬂjamu m.

F;MMES have Hhree: onmam chamcterietics ¢ HwaUe(eﬂq’fh ~fTequency , ang
_ Naue[en ﬁ\ 18 -|:h€ chgtmce batwcen fwo consecutive peaks or tmughs in
- wﬂue_ﬁ;ls j%@boltzed blj_‘H‘%mGK [etter: anbc{oL (2\) ﬂ\q

requeﬂcg 1 Mﬂ[ the mbggf waves or Cle[e.S per_Second that

_@ﬁﬁwcr\_‘n_mgn space. Tt 1 u#nbn Lzed bq ano’dlerqf‘t’?K letter

—_nu(~

—

|

e

|Since all @Eps og eloc’n'oma nehc mc{latwn travel at the < eed of
3_ \F

|
— [Short waue( L gh frequen Y. -_1___t
[ wrt way eﬂﬂﬂ\ rdiation 00 _must have o high £re uence
_
| k= - —Tseond  ——— - e

k\— — ﬂ;;.oncp. I
_F
\_JF, '“'
h__ﬁ;__ii \
\—[x_\

\T‘ —%Mﬁﬁiﬂwj onds G g hert "“'
—0eerz
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The wave with +he ghorm

) has 4he highest ﬂcﬂuencH r:mc{

the_ wave with H ng
with _the |onqest wme(enﬂﬁ—l\.l )_hgs the lpwest :{_Ie uenc

This’ H‘ﬂp[leS an_inverse reladonghy

P between | o
that 14 A 1/4/ _ Mw\ﬁﬂﬁﬂx

Or ;\0(1‘/’\[ > AV =¢

wihere A 1% he mue[enq%*ﬁ in_melers (m)

N 15 the ;requencq in cycleg per second

ond  C a5 the Spéec{ of hglnt

The _speed of Vight (c) 152, Wq % {03 m/s

’ﬂ\e_ enerju from the <un reaches dhe-earth. mqmlq In vaa rForm oF wuble and

ultraviolel . radthon whereas +he qlowlnq coqls of a areplqce transmils

heat energu l:u mFrared radiation .

In Q mwroqu‘a oven the water molecutec qlasorlo mlcroumve rqcha{mn m+ﬁ{

,Cuoc{ wluok (AC1Yases 'H\Gh’ motions. This enerqy. s Hhven fhansperrecf to other

qupes. of molecules via collisicns causmq an_increase. in the feed's temperure.

_NoTE -

E\QdTomQQne{:lc radiabion. deec.nel nped..oc s s medion. a8 Gpposed to 4 offer

(orng_of ‘neaf: of_ene@y tansfer that require me&ummq conduction and (eaecken.

Exqul * The brill lqﬂf red colours Seen 1 fireworks. are due 1o Hhe emission

of l,»ql«d: with wauelenqﬂxs around. 650 nm when ghrontium salts

suc&, s 6r( NDQ1 anf Sre0; ae heated . Calculafe the

Lfrequency ot rec( hﬂ[r»t of wavelength ©.50 X 0% nm.
i I J & : ) T U . .

Solution: We can co‘nver.{'_.wqu'elem\qj% 1o frequency_using e equadion

14 e et dide 1

i A1 F

Mrio

Ssigest

2, °l‘1’+‘1><103/650 Y

\

H

R lOi/ 6.50 X 107 nik xloimzwmr(

1

ho6inis3eet w10 see

| «J
Al
A
\ =

Y (;l ® |o"" e

—

d
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b -
| Max Plank (Lgyg 1q4:]-7)__wl1en ,gfucfjmg;-l‘ht’_lacila'[loﬂ_ﬂgﬁl_eg e 1”]/
solid bodiec heated 1o incandescence 4—2&@[’*{‘_‘& the re;u({fg could o nut t’”
’e‘acplcunec{ in terms_of -the Phﬂglcg of_his day_u which held t d thal mafty

U‘J
abgorly or &‘mlt any quan{l{q of enerd eneerJ ‘
Planck amuntec( nCor —Ehese ebservations only bij-ﬂﬁﬂlig@ E
boe Samec{ or logt = only in_whole ~ number multlfﬂﬁﬁi}wﬁﬁt\j }w

mhe_f‘e h i acw&fnnt called P!anct ¢ constank . = ',
_ L - im- - —
Planck’s Censtant = Qeaa X 10 o 1.8. \E

'ﬂ\GFEFore the chqnqe In eney ,{:orq gqs*hem (A E ) can_be mm -
‘T__‘_‘——-—-.__,__“\
- .-Hw,pol[owmq eq'uqﬁon ; AE ﬂ(m‘\f wﬁere N 18 an in er{192 | i"
€ e S | g DA 14 T £ h 15 Plance's constant gn 1
_ ' S s ofhe £requenc the |
g e MY - Q[@C‘hbmcmneftc radiation 4 |
= e R 1 et aloScxrBecQ er emibted

|

° ‘Enerqq of matter onlq occurs in digerefe units of: Sige- lw .an

+hese small* pacm’ts ' of eneruu 18- cqlled o Quantum. -
Anq gqs:ham can JrrqnsFer qnemq gnlq 1n whote quant‘q qnc‘l hence. 1t s cl

ear
Hm,’ce r
, ne 3” ‘can and“ag- m »FQCJC_q_uqnt[?_ecQ ’HNS enerqq has qu i culate
Properfhe,s BRhoe, s R T

d ecrcf\'_q;"‘_

—_——

"ﬂ\e energy of a_Photon::

’ﬂm blue colour of :flreworf(s L DF’CER QCLIGW&

| | ’ Jl‘e\c‘hnﬁﬁﬂf"’i )M&Cﬂ to about [20C:
f Then dhe o ound emitte blup quh’c hq\nng_J/
_, ] _mue(en H‘ I%f\lha{ 1S 4’3\9. tncnvmﬂﬁ»

-I;Scan-ﬁ_ed by CamScanner
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Solution i The quantum enegy ean be caleutated from 4he equation
; 1

AE = nhv red e s Buass G826 %10 2 Tus
AE= hw A= CcfN
N = 2.4979%10° /4.50x 10% 1/10%
AE = hv N = 2.99Mx10%/ 4.5 x107 |

AE=6.626%x (073 x g.6c2x10* N = 6.662 x10'F Hertz.

AE = 4.4142412 X 1670 T

A SQmple of Cull enanmq LLqH— at 4S0nm can (ese enefqy onlq n

increaments of ' 4 4!42+f2 X. IO 1 J , the gize: o‘F"f'ﬁw_quan‘fUM m%us

e.

E[ec{romaqnghc rqohahon can be viewed as a stream oF parﬂe[e.s

ealted:. ?he’mns “The eneray of eadh Fheton 8 ﬂwer\ lo_tj 'Hv_ enpressl on

he
.---\""__

E?J:.atu-r\ = hV = ufﬁxere \!-ﬂs#qa,ﬁrequeﬂa—r npréﬂfmhem

]
1 Fluncma CGt'\S“}ﬁIL"’:

/\

A e e wavelenght

Tn other words,. e[%’h‘omqqnehc rachahon ¢ a ghream of pho’ceng or mrhc(es
of hqht’ or small- chunks ef energy . joae! ' -

'ﬂ\e energy of a phof:en of e[ec'h’bmaqneﬁa mcﬂlahon 1S AlreC-Hl-&

pmpor-honq[ Ao 'Jr'nz racftarh on's HFTEQMO.HCL! .

E = hv

The equarion of the above statement las the lept- hand cide -H\af deals

with afbperhes of eneray u)hlLG“Z the right - hancﬂ cide deals with umve
pmparhes
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“THE PHOTOELECTRIC EFFECT _ —— “Sn_
. S,

" enon n which electreng qre

henoM
'ﬂxe pwfne[edrlc QEFQCJC refgr“s JCD -}he t gtrikes w.

it
¢ of & mefa___Lgﬁen 1l8
emﬂecq | surchtonz characterize e ctorize the pho’me[gg{rtc of ec&

The xal(owmg_féﬂm// S
ﬂﬂﬂﬂﬂﬂ el shnw that o, L Show that

Lo Hireshs|d

£, shudies jn which 4 -'rf_rfreqﬂﬁj,}_ﬁ%hf 1 ;Vaerif
electrons are eml’rtecf bg o 3wa—f’—\ﬁ

{\ro %

or than the Hhrecho(d {1 %—f%

2, For hqh’c with ,Fquen% low
are erm’ctch reqard[esg of the ntengity of “the light .~

T
an the -H1réSlw(C{ 'Ff@quencq 'Hl-ﬁ

3. For hqh{- with frequency areater th
numlogr of elecmns em[’f’cei ncreases ull{‘h '}ﬁe.m{'enslb-l UF"HQHMA

. 4. For light thL frequency qreaker than the 'HlFQShO[CE cFrequeﬂcq he

}une’nedenerqq of 'H\e eml’d:ec{ elerﬁrron.g INCRaSeS llnEquL.{ uon the

Lrequencu oF 'H1e hqht

The +hreshol c[ .Frequerlcq s the minimum anerqu requlr‘e& +o remove the

electron prom the me’ml SUFrFqCE .
= hv;

®_|Therefore , minimum energu- requtred I cemove_an elechon = £, =

. LElwfrans ana% are amuﬁ:e& are ¥nown ag Phetoelecdon § -,

[E ec,hfnmqqr\&’cw radtotien 13 quaﬂtl'&ed (consmh of-. le-tons)

|
)Bacause o u\naton witle erxerqq less Hhan-Ey (V‘ - \f} cqnm)f' feme

lan electron, hqh’c with, o ,nreaumw less Hhan: e fH\reskold rFPe.q ena] _

-".‘ _.\

A

fprc&ucv,s N0 v,[ec)m: ns.

e |”f he enerqy 1n.0XCesY | Of: rH'\a,E' rmmrec[ 1o remg\Jg,-Hm eo_dron N qw

Ahe g[ec'i*ron QS Klﬂ?—'hc enerqu fo\

|
|
|
|
f
|

KEelectron =" /Q, MgV l/\,b{ lz\_\j
moss o 5
to Femwe, oloctran, .

Q‘.mf\ B ClW ene of
o 4o it et L
- from metnl surface | g

\ed with CamScanner
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 IQUANTUM - MECHANICAL, MDDEL-DF AToMi5] . -1 1.4

v

|Sehrodinger” werked on the wave nature _ef ‘electon s. (wave equation) .

The: wave equafien deseribes dhe ummjattem of-an electon. I

- W = SL f - - 3
L. wit T HY = EY P - i
L 2 € { '.} i) g
N = set of mathematical opefationg” . ;
Vo= wave. .Func-hon (orbl-lsa[) O.f-,B- 5
E = botal enemy
- \P (squqre ‘of the wave! .Func-han\ is -I-he probab:h‘tq alensrtq of elechmns
4hat 4s , if an elecfron cannok be ,councl ‘V 18 ue.e& & [aca{e ar,&n& k.

An orbital - (8:'a ﬁ?man of space where: lthem 3 a hlqher pasdllolllftq 4

: ,f-mc{l nj an. elec»fmn

\P J.epcnc[s on & Y anc{ 2 mar&ma‘fes loecatJSe Lt s 'H\ree -dimensional.

The- m&lq[ part (8 the distance opdhe électron’s eosvhon ,From dhe aucleus.

The anqu[qr @qr{: s also necessar‘q and- very tmporhnl: a5 well as 4w

other componeﬂ‘l”s

In erder 'l:o solve he Sdmacl“_mqer eaua'hon wane?_cﬂ rPnree |n+eqer5 usluch

are als:: cql[e& auqn'}rum numbar’s nameLq, ‘n »f and M 7.

Yr,(]., ) '-"- ‘P(X)n’p _‘ b my (U' d’)

nh=)
V2 l-l-'ﬁraclf = RD F (\ Radial Disdn budive Funt'h'bn) .

——— e e —

KE

e_'V u:&m e - chqrq-e. of e[ec-{nm
N = v°|+aqe qiven

Dkb‘l'be[ec:l‘rtc eﬁ-‘ed: Ls @nlu seen 1,{, Fhe ,ph,o-bon gn;(gg(E)ﬂceeccs
the L’"“{‘“q eﬂmu 0(3 dhe. elnd‘rbn n er. mo,{n(

- . |

AR VRN

4
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Le7 Relakion Between Quantum ‘Numbers And  Atomic- Orb‘%[s'\
_ " oy o [l [nomic obmn
) 1 1 O Oc W mw srib oo 1= - -lS_H\\\aH
L a, 0 ‘ 0 1 = F
L, 8 -1,0 1 % - =¥ H 3 Qm
3 o) 0 1 3s |
. 1  =1,0,: IRICRE Bpﬁxm
by - 2 | -2,-1,0, ]‘, Q- linl D Bdxz ,deij,Szia‘:
Note © An S’ subshell has enly 3 grbrha.[ _ a ‘p’ subshe[l has three 3
EIN orbidals cmcl a ‘d subskeu has ..ﬁue, (5) errblffqls
el W : P Novak ) o ‘ i . '-‘.’?-

* | Eleetmn s -can, only qcun energy equat 1o er, ALPFere,nce between Imq}
i and lower orlol'i‘ﬁ.ls .a.nci f['f\m,{:orﬁ move to 'i‘h.e_lm.qFUL(' erlotal wﬂm&

o |Known as hrbsarphen |

' [When  ane a[ecxfmn falls fom- Imq&er S‘fwbe-fb (orver. .3+a.£'a merqqlﬂ

emnited -, L«ICu.CL. L8 Kmmm Qs Emlsslon

Bohr came mp with an equahan mecL-l: J'escnlaes. +he energy of an Eled
i h , A i

143 vl dhe odom: o
E= -—_b_-- w b V1 BT 3 ron
§ T - where =%M8x 1'%
E = -alexlo"“q = =ss

v Il ety Telt, A

The neqq'hvf, s:qn mo&cqﬁs

'H‘o“% the ene on e[ec'f'rm bauno[ '}"éf

nuc[gug is lower than that of an elechon ot wnpinite dietance
10iTe aigmnce. —

. ative relafive odhis st

(Energtj oF. an 6[00{‘011 n qmj ‘m‘blhf 18 n

£ = 248X 107"y "._- =.0.

d mg@j@)

J«)TE :

/ ) wf\ere, X = %{; and.

—level ecoupied by Ahe olocton of b

>
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SHELLS AND SUBCHELLS : S

Electrons 1n +Hhe atoms of all other elements eCcupy enerqu levels .

“The energu_level nearest +o the nucleus 1S +he lowest in enerqq

Each successwe level out from the nucleus s l‘uﬂher in energy and has a
pmqressiuelq h[qher capacH:u for elethons.

Each prmclpal enerqy Ieuel O.LSD known as a. shell, has one or more subshells .

The subshells 4ouncﬁ m +he knnwn elements are lalae[lec( in order of fncmasrnq

eneraquy .
[v

o

s<p<d <t

increasin

enerq
JJd

For each shell , the ‘number of subshells s equal to +he value of its quantum

number, n. “Thus, the first shell (n- 1) has an ‘S” subshell. ”ﬂms.n_mncf

ghell {\n 2) has two subshelis an ‘s> and a p?. Thethicd shell(a= 3]

has three subshells , an (s, “”C[ a (d", and the fourth -S]neflfﬂ =2)
has four Subshells . an "5 (d and an £ .

Eack -tupe. of Subslw_l! has a. duFFerenl: electron capamtq

“The -l-able below chows how ~he total electren mpaatu of +he first four ghells

1s digtributed among the_subshells.

éhell .. 1 2 111188 A
eea AN /AN AN
I 7 AN 71X A S W
Subshell S 8. P 5 pd s P dF
Subshell'capacf’i-q i 2 - w2 610 LB aal0i o R 6 10 14
S NN/ N
Shell c,apacii-t.\ 2. - 8. \8 | 32

——tf |

| 'ﬂle Gubshel\ de&mes ""B‘l.ﬂ_ .SL\C\PQ- of o par'hcu,lar* oot rhxt

-

—_—

bfwe cp | _p@la'alolﬁ,tg

—

1

The Shell desmes Hhe diﬁ"fg_tc, -Ffbm rPne, nuc[eus oL'H‘L& Mheer e[ec’rrbn
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ORBITALS gt el B

A_subshell is composed of one of more orbitals . An erbital € the p oy

space where there 18 +he hlqhest loabt Lt indtng a ar'fm”‘qu%le[}[

Each orbital can hold two e[ec+rons

An 8 subshell 18 compoSed of one orbital. Thus , bemq mm%

]
[~ 1

|

R b ko

orbital, an ‘s’ subshell has o.cgpﬂClh-l of two e,[ec+rons 5
- |A P subshell s _compesed of +hree erbl+a[s So tk hag ampcﬂcgﬁ\ <
elec+r0n5 two per obital. . L
— |A (4 cubshell is compoged. of five orbitals . - So ¢ has a cap GCIM TRRL by
electrons | two per orbital . ! ~H
- |An (f sub;he[l 1S c::mposed of seven orbitals dl
(r
~ | Consider he dhird dnell {n=123). Tt is composec. op three subshells (s
and d ). The 19 - electron Capaatq 1s distributed as #ol[ou.rs +wo m+he
one ‘S aorlmtql SiX 10 the -H\ree fp, orbitalg ;yand ten in the ,{Zwe 4 f
orbitals. ey | :
= | The energy -of an electron 1¢ determined enly bq the shell and cubshel
under nnrmal Cancwﬂong +h oreeﬂnp_ lounnq DOLnL- eFoUDmG We
% [ AlL op the three- leFEl"ent orbitals 10 a (p) an
aweg P subshQ[L (eﬂ_&’ﬁﬁl"“_‘*”
have +he same energy . , o T
-— E D\ ;
ac -tqpe ol: orbLtq[ (6 0 d or oy ar-hcu(c:r shqpe i ot
~ | The shqpe refers 4o +he dlmensuons of e iahest cobabilt —
of ,pmdmg the pqr{tmtqr electron or elections . e
- lectr
The_electren Um& not_orbit the nucleus | N Some ciastq-na{:ccc. pa{:l\ widhit : L
the orlatal .- 1t {ust exists yithin af rents | AN
- | For the huclrbqen a+o e Ne:
m, the. ene SMPMLH&O%VFQ[ 13 c{w'hermI"QA Lz |t
s value aF ﬂ %l%%esﬂ ped
me value s¢ N have e |t
energy — they are s%we\_i T
- Hqt{chf\\s SInCﬂQ« Q[.O.Ch’on o] — ‘_——_—‘SO
- Fnr ea.cP\ 5ucca£9|va SQBSW \ of &2 atomic orbidals: a” & Jeles
fe 1S an tncrement of “two (2) more. 9"“ & o, Joon

Toobher words , e ‘6" Gubholl has st

subshell _has Jhree orbitals and 4t o

ene orbital wﬁamas%/fj o-____'_ |

subhel has five ohpitals ad¥” |
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ELECTRON CONFIGURATION

Al electrons in anatom can be QSSIE]ﬂEd v a spe_Uaflc s‘ndl cmd a &peca fic
suloshell.

—

Electron conplqurahon 1S the dESIQﬂﬂ.’]an of all of 4he electron s nan a’r&n
ntop SPEGFIC \Shellé and subshelis o

The Aufbau Prmcmple States that e[edrons will 9 into the 5hells cmcL

subshells-of the lowest en erq Y

A shell (s C{GSanq-had by +he principal quantum number(n\ the sub ~shell

by Fhe uooropr\ate letter,and dhe number ef electrons in shat sub- chell by i

'Hw upproprlqte sup:zrscrml: T A L :

| The ex1§‘|'en£e of three electrons 1n the ' P é.ubshell of +herpour4:h shell

n 4’} Lg Shown os - 5oty : G E S P LY SR o 201 Yy P T G 357 b s

—_———— —

PR T -_.' % =
R Y P Tweal el

— a e umber o|- — —

4— - electrons in the .

vl onncmcu[ auuntum

_ \ : S0b- bhe[l[3)

: el ”“’“"M of Sh““ (”"T‘) \Sub shell (P) sarp oofen Fhadions

We utumus beqm with he: qround state oE the-one election: m +ha Sxmp[esb

-~ land. - thrs.t e{emen’c hqc[roqen

Pt The glgch’on 151 —\-hg n= 1 shell, which hag an.s subshel[ ’ﬂxe electron

oy ﬁonthurq%Lgn for Huquen (H). 18 then. &.. 18 bl dnicataglis O

3 -_.

Next: ML S He, tum uohmh hqs 'IWD;ELBL‘fI’Esn.S, 2The 18 subslwll -has a

e

\_-._jmwmtq_ oF: o electrons:, 50, Hehum [He)shas Hhe conﬂqulalmn 18

R 'r'-.--. Semis” Poendn !11 9

win T Nex{- comes Ll+h|um wl‘Hn —H'lree e(ecfrons The ,P.rsd: Hwo: (lel Hw.-parst shell, .

v btk Ahe, 4hied, 8. “Sﬁ"qned o ﬂw._Second SCIQLF ( n'= 2\ (('he 5econd shell has
5 |dwo su\nslw,lks ithe \S’ anc{ P ' uk AHhe Luwar“ AN enemq LQ-’HLQ, (g subsheﬂ

o0 fll girst ( Aupbau's pﬂnmple\ The next: elomint.is Be. Tts pur.:

electrons are “Ls" asg'q“w{  Ahe--1s and Ls. sabshells ‘ﬁne eler.hbn

v 2t N4

S iy COnFiquthﬁS DF‘ Ll m\d BQ, are h/:_'.:."-:ff*;;'-'-. -"f‘i.

923

Lt 15?’1‘&“-: a,nol Be 1

S"(;a.nnecli -by Cé}iﬂSbanner‘
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ength for @ pget ™
De Broglie’s equation allows us bo catculate the wave %

coaE L W L ———
5 = R /mv__ghue = Plances constant (6.6@
: _ ’ M = mqss

y = velocity

T

A = wavelenath -

—

& g
ELECTRON SPIN AND THE PAULL PRINCIPLE

_ T
The Pauli PrinciP\e states 4hat @ Tn o quven atern No tuwo elech,

can_have the same seb of rfour aLuantum numbos (-.ﬂ P 1 F mim
1t s olse called 4ho Panli Exclusion Princiglg.

Since _electrons in 4he same orbidal have the' same values of o[k
Princigml quandum nurn\ae,r'), L (the anqular mementum quantum

: J =
num\oar) and M, (the magnetic quantum number), Ahis postulats

) t
Says Ahat ‘HnEj must have o[igferent values of _Ms. 'The.r\,, since OnlgL
tolo_values of M {the electon spin quanturn -numbker) are allowed 1

orbital can hold only twn electrons , and they must have op?gsite sqins.

Po‘ﬂe\ut’ffomc atoms_are atoms with more 4han ene elechon.

The clmfglcultj of cleqh'ng with repulgions letween eledron&-_iﬂ,ﬁ[/jt

electronte atoms since +he electon pathus
L i

aYs @ unknewn s called A

electmnic correlation problem

1 O Simply 4he_electren Cs::rl‘t:;[ad:f*ﬁlf\fl“lt”]ﬂr

The electon cerrelation ?mbl

em_occues usiH. all goljelec—%rbnfc atoms:

_———"‘-./

For o_xamElz; consider i

M,M\ has 11 electons. W

o t's sfncd[e, out +he outermes

ermest electronand congider the forces Ahis et

peelsS . The_elochon [SQ% atfracted - Ahe | Wy charged nucleus—

However, he eleckton dlso rols he ropulcions coused by Jhe ofher D&

(F“’* net, ecoverall; Eff@_ (S 4ot dhe elechon is not bound neni:?-gs"

Hightly 1o the nucleus as it would be :‘F ”

"'i'im@‘W\

e othec electrons were ndk

LY

S g e e
by the Cepuletons of the other elocho

/-I

U J »
We say dhat Hhe electron is o ed or shielded om e nuelear Charﬂé
L T

%@“"‘:‘ 'ﬁn

e feqion_between dhe_tudleus_and 48, atormgst; shellis plecton )

aimply_the eutermost electron, i calle o the Core.

- . -
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® | The digference between the sizes ancq enerqte.s of orbitals of pva,

electdnic atoms 15 because of +he mn’cerplaq be’cween nuclear aH:rqehen\s
and ‘the electron(c repulsiong, j :

o | For hqc{foqen all erbitals ina qn}en principal- quantum level have'-h?m

came energy and are therefee sqtol. 1o . be erqenera:I:e

o |However,: J.'—nr polyelectmnic atoms fora, qwe.n pnnapa[ quantum level ,

the orlotta(s vary In enerdy as ,\?o(loui&

Enf_ < Enﬂ < En_c’ < En,{: < Enn { EnL

Tn other words, when elechons are 'PlGLCecQ n a par"hculd‘i’ quantum level,

er.q prefer +he orbotdals tn the oroqer S, P, o[ and —Hw_n A

o [The Penetration ‘E{:Fec{: s the 'i'encfencu et an. orbital electron’, e . an

olocton 1n Ahe Qs odotta[ 1o e.pm& o amalL loud *ve'ru snam(—tmnt -‘ctme
amounk very_feac the nuc[eue, +han other e[ecfﬂms 10 +ho, af:&er‘ orbifals, eq

electons . b 2p erbital .
. |In other wmﬂs -Jrhe peno:\‘r&hon offect: CONSeS - an- electron 1o be: atteactecd
45 the- nudeus more eh’nnalu f}han an e,[Qdfon na cﬁlﬁFeIEn{r hu:\her eneray

lorbital . e |
o . And. , an qe,ncm,[ +he, mefe. eFFec-hue(q an orlot.'m[ allows 'uL.s eloc+mn )

ﬂene-i:rafo_, +he, shwhlma electrens o be ctoser Ao ~he nuclear clnarqe %e

Louoer‘ am 15 the energy of that ochital.
For .example , the re[othve eﬂErqles Of rHua orlotrra[s for 0= .8 are as follows ;

f Iy -"'L‘rl".l’*

ir

E e 4 Eaﬁ vl EqJ

NOTE | Anchner th{:aﬂent- of the ?auh Exc[usmn Pﬂnc_ple SQHM
clectrons can have Hhe Same 5p1n in +he game orbital.

BN

! ______________———-— ‘
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OR%YTAL DIHGRAMS

\

- \("\2 orbital c‘taqmm of an element fﬁprSeﬂ'{’S the - orbitalg | g ¢

UBSIM

as koxes and_ike slecions os arowe. “The Spin of an Qlew
g
by 4he. dicection e the arpur pointing either wp of c@num -'

g !
'Tmo electrons with opposn’re GolnS 1n the same °fbmlm

omreci Thue o c[oubB eccuplec‘_grblhf \ I‘EPFES_EH*E‘R Q%E

__-_—_—__"‘—'--._
|We can _expand: on 4he “electron eonﬁauraﬁon oF;‘Pﬁ«FtTS{"F'm%

mr.luchnq Aheir orbital olmqrams

—15 18 QG 15 s o) d
L o I o T S - R A T N
He| t4] -t 0 Be |14 -1:~L

However, we need 4o consider Jhe u[qcament ‘of Hhe sindl. alec:h’an n m"'ﬂ

|“There - are three pngélb:hhes 'Does (t qulr' w e Ao first Lp- electn W n

He same orbital hque opposife gpin

‘#Mﬁ—‘re\trfa [ wls &
ol-LFFereni: arlavin( m'i'&-’r{-ar-sqma,__p_m'? ; S arq“

__.—-—-""

Ne, bhave “ene more rule 4p- quide us .

Hunfi \S - ru(l?.& G'ia.f:es M_EL”/{T

ecoupy separafe erbitals An4fo samy st

bshe(l i, parq(lel spins.

L -Smte electnns ‘have Yo sarmo I
they’ wnll et
W.S\ens oE_Space. Elecm—aﬁulﬂeacﬁ o{fﬁua o dffe!

‘want Ahair space” sp -&ﬂm, preFerseFﬂEt‘

orbitals ratber than pmrma N e same. arlof .

“ ot avar La[o(.e

Pﬂlflf\j 0“1*4 brurs "*‘G‘M‘_P%‘pi_a or'oﬁu.l& tn e same suloshell 4%

* Wit Hunds rile, dte orbital dingrmme

ital_driagrams gor C,N', OJFGQJ Ne ¢

e writen .

1s 4s 2P 9 Qp _/

T B
jﬂ 11 1__2__ 1 r {1

15
Y
N F_H_l_j‘ t i1 (14 )[1e le,,i--»

Ne T[] [ W] 1,
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A similar Phenomannn sccurs witb elements +hat have electang mcu.pumq

C‘L ol 'F orbitals . for exump[e Mn (’FFQS') l’La-S r{'ﬁ\e,,&s”om\_nq Gl‘ét’{"m‘r\
cnnﬂqum'hbn and orbidal c[mqmm b

s SJ

U‘"]lk 60[5 CTA N :;-'-1\\1~ + 11

Or’orlu.[ clmqmms are also rele.uan{- +H r}ﬂe 4;:"333 5F laoncl’s vl-?qu par'hqur

it | element ,chns

ELECTRON coNFIGuRﬁ'TLoN AND 'TPrE PERIODIC TABLE

. Elecﬁnns loo.:jgnci —H’w_ last rm\al& qcts. qv&.%ﬂo ones aammm[q -zn\fb(lrécﬂ mnAfa

A:urma.hnn -of cimmloa_[ lond <.

@namﬂ camr-iqumh'on : [NG] ne'

Specml'_ con&aumﬁon ,Ferepndusswm ( KJ [!‘h’] 4g'

. Repre.sen'f'ahw Eteman*fs : [NG] ns* l’lP

- £y

1 [_NG] ne', Excepi‘ for hqquen %%e are 'h%o, alvali metals, Al have

[ _.'l: .-'.-‘l !

‘ ' on. eler_‘hm bcqoncs a nnlole ‘jas mnhqum—hon

L Jisclpe a,nalnlaqas STnT

9. [:NG]HS ‘ﬂngse. are. 'Psll-taf,me, Ear+ﬂ. mm'!uis A‘l \'\uue “wo e[ec&'mns laé:jcnc(

3. [NG—t ns® np - fﬂm subshe[l beqmg c& Q? far B %muqh l\\e ‘and eacly
. aubshell i numboered cenSer_u'hueLﬂ douin Ha rﬁd‘afz
e i £ q “In = Tk 6814-ol'°u5p :
Lik The ™ Jourth and ffth penac{ e[emuﬂs Ga (# 81) ‘m"q In(#ae)
L2t ibeh sie o alge. have Filled| d subshells ’heqoncl He noble qas mnf.qumhm

e In dbe sixdf peciod ; TL (-Hn) hag a filled 64 muL

P v e o bowend. M ekite —on
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—
Q 2 a

e [NG] ns'np >
5. [Nglng'np —

6. [Nl n8'n P* 2" “These eloments are knoun agthe Chalto“?%
are all nsnmedals e:ccep'l'-ﬁ:r Lolonium (Ps

1. [NG& ﬂSlfl?s + Thee elcmeni:s are Known a8 e Halbqens ’l'he i__e_r;

are all nenmedals and ene eleckin sFva’ of kamnjamﬂ{e

ca_ as eﬂn{-‘ﬁqu mfh'en

9 7 Noble Gages [NG] ns“np ”ﬂ'o. nﬁlaleqqe e[emerds are smmﬁmm%
i T 0 b A, bemuge f"Bu:nq 'mttl\.\ &ftﬂ CPmmLcaf boids.

“Thase elmmi& \mue ,-Ful[ oufer 8 and p sub-

shells except dor He, wﬂ.m& has G.—Fu" S
ulsgholl . AR ALY S s

Transition Mefals [N@J ns“( n— 1)& aﬂse ml(ecf«]‘ﬁe D- bog.

. Gmuu: WA begins '\ﬁaﬁluns of ad &ubsho_ . There are gome exca:‘hﬂﬂs at:

A H@_ﬂb[‘ﬁ\&ﬂ orier U(-'-rhu.l.ﬂﬂ QA\."’&(S avoup. Gmup V1B had: e CEHFIQM

[NG1ns'(n- ﬁrj cmct qroup 1% Kaﬂ**hz cnnhqum,ﬁen [NGns' (n D_C'L'L

It 18 assumed Ahaf Lan (# IOM -H\mqu. the last et}mnent (# 109) haue.glle&

_15¢ 5ulos‘mﬁs a,[chmuqk LLt’clv, expenmewral \nformadian can&r mS Ahis af present .

’ﬂ\e«hrs’c olement, 6c beqms ’WLe,ﬂlllnq ﬁF"‘]“ﬂQ, ad. sulaslnell Ead. 4 sub;lw“

s numbered. W"SWHPMI“ ‘wmﬂmm mt’m 3 ot "Hw.'tap. He (2 42) Hhough_-
- H’q r'-# ‘30) alsd "m‘e.-ﬁueaf 4 S.qbst{el[ [ it A

—

Inner (Tmnsvhon mo:hﬁs ENGFlnsQ(n‘)ol (n ) £* B

These_aup 4wp- gerieS ‘o inner tmnsiton. elements ¢ dhe Lanthanides which -

hal.le'}heqeneml configuration [Xe] 65® 5! 4£% ¢ and the Achnlcfes quucl* y
| have e qaneraﬂ Cej(f_L radion [Rn] A5 ¢d" Q{—"‘ | .

Ethor Lonthanum or Lutetium and: Aetirtum @#or Lawrendum bels ﬂ“"

'iﬂe, ‘d= lg.lpw.anc[ l\ﬂs 5 RD{' f\ 4’ as for fhe —F-Hoc:( "and n= G;
ok N = n4 2ar Ao
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5% |QUANTUM NUMBERSIAIATT  [ilih (40750 o
Quamtum numbers describe "H'ua veriou s properties of an srlcnc}q[

wre! | The pnnupq] quqn'fum number (n) has m"h".qmlfm]ues 1,2, 2 and 1¢
rela+ecf -h; +he size and energy of the orbital.,

wote i _|“The angular :momentum quan+um number () hag integma \ m[ues From O
b 0-1 Jor each- w.hwat: n, and -is reﬂafeaf—hf}ﬂeshupe of atemic, -
orbidals. Thei value sf—‘f,Fornq, ;parfﬁcwfar erbifal 1y eomman\»q as‘s:qnec@a
letter: £ =0 lond 1% caHeof S ,E 1 tSP f 2. lsmlecp c:f ﬂnof {=3
{s called ‘£7. ;

noTE i .| The . maqpedic quantum number. (mﬂ h%4ﬂﬁqm{MheS oF behuean { and
-, mdmi‘mq O (zerz) . The value of M, i “seladed b J oneﬂ'f‘a»fmn of
i 'Hne orbital vnd\che elative & 6-&01erorfo:'hle m"fﬂea:i'bm.

1 ‘ - _ o .
MTE: .- A So.{-oﬁ orCn'hnlS 18 gomedimes mllecfra Sufoshe” ancr 8 AGStqnchECl bq

awma a value ¢, Nnaad - Hhe - letbecor £ - Thus. an-etbital -udhere N = 2
* T cmci E =r ]2 Sqmloo[lSecr as Qp ’IT\ene are 8 ({’ﬂrec) Qp orbifals | mku
have digperent arlbniakions Sn space

n-vafue =—P» AP’ A
1{ * Rorerdation n space

R - value vy

Que For pflnClpa‘ quqrrlum level n = 5 eie'}ermtm&h—enumber DFqllswecq subshellg
05 (d|pperen+ vilue S ofF fﬂ-\ ouxai q\UP. —H\e clquarhon oF each ' '

16 11 27 A 1

=Selubimt - Forr, n-= 5 ;Ahe alloweal? w,f».ies ch Eare D1, 2;2,¢ bemuse n-1 =
8 2nly &1 [ = o Thus +he eu[oshe[ls and: heir erquﬂa"nons are %

E‘::.O ¢ =1 €=2 €=3 e-:-q_ L
bs 5p  5d  s5¢ 59 o

Nres | The "P’orlaif\'als are ot pherical Like ‘S orbidals byt have dwo lobes 9*3|9‘"“'Fecc by
O | no&e ok the nucleus. 'Th-a P orbifle are |akelled nICCDf‘Cliﬂq Ao ARe cwes ﬂf-’”“-
— %z eoordinafe sustem alnnq uﬂMc(« Ahe lobes lie. For ercampte . fhe QP orbitq
widh lobes cen—'mre& alnnﬂ Ahe, % - ewts 18 called He QP crbtdq‘
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.___._51_ ?HRAMA&NETISM AND DIAMAGRNETISM 'V i5Tins 5 l
"’_‘_—————-— e p BEF 2 S L !:__ﬁ-__'"j__;'__,_'_;;-,f‘-, wut .'.‘.:'i_'_"_._:j;_-'_'___‘ H\\\\\‘\

st e num]ao_r ofu unpaif‘eeP e[ec{-rons inan atom :ion or mp_lgg_qle d&g\

- ——ﬁ—-—\gﬂﬂiﬂs_pronerhes of:#he: subétance . The: subgtinces: that cantqn \r

] electrong - “are alled: Paramaqne’ctc aan substances that contain all Enp

~—— Jelecfrons are ealled Dmmaqnehc . Tna LiAhium (L) .afom- ene lLP“ E
\\

—-—————ﬁﬂ-&?&ﬁgﬂgﬁ_@ present in: Qs orbt'l‘ql L and -tk (s —}hereforu ?arqmajne

““l-;——;'-QL&MnMumhon of ‘Berulhum (z=1) IG 1.5 Qs anc{ ™ .
———diagmn ie [N(1), 1if(as). - Y w,ﬁ

"m__;ﬁM?v_,jl m all .Four elec{mns are fpcurecf and" +hemf?orp. Ltm"
. B i L T yf

- ’-_) i |

5—________’ﬂ\e e.[emen{- loorow ( 222 5) hns Tﬁuahlec&mns a’l’um e[ech'ons tm’H'\
f‘"‘f‘fwﬁe 15 orbital ,_ancther pcur of olectrons eccup ~the Qs r
—#M\Qﬂﬁﬂ_&lﬁh ‘olectron’ts - prtSanL- ina QP orbifal: (ﬂw. ) Sy
—-—______ censists ! ®f throe orbitals  The e[ecfronwonnﬁquraﬁgn o2 boron 15 ag
e it o 2 1g*Qen 2p', and 'Ww; orbital clmqmm 18} alge asm
_‘r__'_—"'——-\i-

; . . . S i _,-:' EAIRY T_""'l"d-i o J e ;',-.':‘?15"; s.r—-'
L {eeedmy el o e "
, * e 4 z n e | |
_ =
18 QS1 - Q‘:ﬁ_ Q.Pu QP,: S wnlpy oy :
P o @252 s gopdtnese? O g |

L

'The &mqmrn afooUe showrs he
e [(EO8 H\eref.bre pqmmaqnehc P'?’i”ie Bf. F npa”%[f}echﬂ . an &l‘d
The _olechrud conﬁqumﬁon of. -cAirbory: f 2=6)!
,b.q an ndi cation - csp dn’ n&ch‘hanql e[edn.
NDTE- - ’ Rund's Rute’ states Hhat--the Motk “stabile: cgnps df- m:nje sre b
{ elechens n a suﬁ:squ s one . with! %;mammm numloer. :-J;am[[ﬂ:‘,[&n;ii

[Q%"f‘aﬁ"em electrons must occupy - all "rixe_or\al"rnls o(-q 1ven “anlochell
(s:nqLan beFore ncurmq s'lnr-l-s 'L:J A I _8+

. I le

ﬂﬂ_& Jfollowecl?gm &gan

3

T " -
L i
. — A
ot dretesis DoresS et Teimr o s g v L ™o VeFory o (R R (T, ) ) T o PR ;
T i R A L “. i A . g T 5w P he oE i R b I B T R R TL TV L8 T~ 1 A T Pt VR R . L L) |
ol Ve RO R RN Tea Ll T . VY-
, = = - SR
EARAT L
3 .
ok A Wl :
1 gt el gy ¥
50 . o -
O 1 I qf £ " i ! 5 A
: ¥ ¥ 7 = : s o
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Z I e — AT TN

_ PERIODIC TRENDS

_—

oﬂou‘c of 4he Porlodtc 4qb[e gies_valuable ‘lﬂFofrmhc,n aloout Hg

Ieiemenhs _chemical and thsica( e k.c

IJ'-ﬂu’. ‘\)efJCIC‘Cl[ Columnss are_Knewn QQ_BTOUPQ Elements m%‘&samﬁ_grou l«\a_\»g_ ';_
e same canﬁqurCf‘rwn tn Ao valence. shell (outermegk slm[l\  Growp | ;
J [Jns . Group . [X]ns®. : : :
;’l'lqe honzonfql rows are called Per[ac{s . “There_are seven- pericds ead
‘repl@scnhnq quqn*um numbers n=1— n= 7%,

‘Each peuozf 18 411[9& mere or [ess Sequenhql 4. The perLocL an elemenk 1s in

Jllcells +he lrm%hest shell occu{atec{

|

\ \\ e '-"'\—.::1—'(‘
\ - \

L ]

Nalence Electrons

“The dectrons 1n the mosk euter - ghell or - pn.napa[ quantum [eue! &f an

atom are - callecﬂ Nalence electrong:
As%2s* 20 (valence electrons .= 8)
The elements -in- Mme qroup have msanw valence. elechvon coanuruhen

|
|
|
|
E
The
’ i
-
!
N
| £

we _see here Ahat what d\qnqe_s 1S Ao panCLpa[

RLE
quantum -numke (n) t 1 JFur 18 ano[ ther Ly,

Li Qs

——

" 'ﬁnv‘_
"-.-_,_. -

Eff cective NUC[ecu' Chqrqe ——
IP‘foper»Hos of clements -afe aFFec‘rét{“.btj' e amount of ?osfiih'ue chqrge

’ PXDQFLQHCQG{ lnu Hie euter glectrons.
"ﬂ\e posi-hve - cL\arqe S qlwau.s less than e pcl {q( nuc eqr charqe,

’(GKCQD“E Fof lfmdf'bqen\ I e e
!/ﬂm. neqah%e chq'rqe of 'fﬁe nec g(ecfnbns par'hqtkq oFese‘s__;_(neumhei,
,DDSE'{'WE charq@, ok ‘|fxp. nuc[eus _ sl S Chagds
f’]ha eFFechUe, nuc[ear c.[’\ar'qw?, i c{e,’rermmec{ lo ..

| charqq, oF 10e nqcleus ancl Ahe charqp, cs|:\_~

|
e
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B _

Fxample of He effechive nuclear charge | |
54 e iHeOIRIY o

i 1s*2¢' A 3
a (151\ core lies belouw Afe valence electron =~ e

4 time Ve boboreg p—
o | Are haﬁx’clq packed around the nucleus J_JJQ(BS wee -};\{

£ nucleus cmd —er outer elecfron. Sy
. * | The core has a chamef 2- and Ahe nucleus dnaftw, 1 3+__\:
- The effective eharae q°9 1t lau‘h%e outer elec’n‘on 18 1* <L F

. i B
i _ )
i . /-Iﬁ_‘_—-\\ < : TG H o Sees et IST__“‘\_.——
— // - ol 0\’# c\-\mrqe oF alzcuf: (IJ

] @Y | -
i L

e o | fs You g0 down Afe qroup dhere 19 abs::lu’to.(q no chqnqe, lrn'fkhr.e‘féﬁcﬂ‘-
& nuclear d\qrqe

L As Yol go acmss the table ( p@ﬂoc{lc tabl e\ —From 41?@ (er’: to "W\ﬂ%ﬁ}—
|- mrariew the eFFechUp, nuc(ear-charqe ancreases - A g

_————-“-/

s'iule,Ni@l‘L“——
L the principal auantum nunber of the valence ghell u'u:l‘ectse\sJ (T

L * |Tuwo 1rnpor"rqn1: factors 4o consider
(it) the eprective nuclear chame.
J

Down dhe gou ecnd arge.
P, effective nuclear chame romains nearly cen

_Ql_lﬂg;e_cl;smq principal numker ond
. \J [| T

[] ELECTRONEGATIVITY . j_ﬁ

"T‘ns is the measure of -+he

“o - %%e elechrons w'“’f
on

e
. f(nw hlqher +he e[gcl'roneanHVl'h-! oF an atom , +Hhe reater 1ts qﬁmchﬁ/ B

hoonr{mq electrons .
. !EIEC’h’Dneqq‘h\“‘h.' s related to {am'z-q-han ener ML‘"‘*

w{;lemenbs unw S |
‘___“_J er% B e o el%mn%gﬂdm\ M 3
: | y -
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N . 1ncreases as one cfe.scenc{& +he qroup:

The orbital con'mmmj +he valence elec%-rons bocome bquer hence absm

amuﬂ; lamer

As +he perto& left to qufdt he nuclear ('}\ame. cﬂgcreqses and Hhe cuter

shells hemme more populatecq but e 1nner cane remaing —f‘ﬂo_garrw_

Eq LitoF ke chae: changes 3+ 4 A+t abilest core(1s?)
remqms the same. :

Tonte Siges

When an afom qalnS. an_election (anion), the size jncreases’ q.e Sizes

aon 18 qreﬂ'[:er r’rPaan neutal atom. G‘\er\emllq s AT RS e

When p,ec’rrons are added the mutual r'e.pu(éloﬂ letueen elechong \ncreases.

and electons push each otfier.

When olestrins. ate removed (@tion) the <ize of Hhe atom decreases e

cmtion &ize 13 smaller Hhan e neuhu( afom . Gemml\q AST< AP <A <A

Electron — electon r"Q_pu(Sloﬁ decreases when electrans are pemseved. . qtlounnq

e mrncumnq e,[qch'bns 4 _be drawsn closer arnund He pucleus.

Tenteation Ener 9y

b [

| “The. enemy. requi ired o remove an electon frm an LSola""t-lc[ ) qaseeus

odomn or wn In ks qrmmol State.

X[(8) = x*() + e~

Neasures amount of WOTK needed 4o pu[l out an electren and LEﬂlU@S an

| |idea of haur'hqlm’th bound e e[ecfhbn 18t Ao auclews.

Reﬂ“ll"&»s o,nefcru m@uﬁ: e 'hqlrd:lq lasunel ,Afe more energy 18 reclulﬁecf
o _remove. e o,[ecdmn

Successive (onisation enemies bocomes mcrqujigj L fger.

Lt (9) = L1+(u3 ) + e” IE, = 520 kJ
L) —s Li* (9) 4+ e |E, = F29%F «J
Li(3) —> Li%*"(3) + Qe B tal = F8IF KT
IE, < 1ExKIE, .
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o 1 This & -Hmnpposﬁc-a of U msqhon en

Electron AFFtntmf

Jg%,/ :
t e[ec’nr
Electmn qFFLm‘cq reflocts the cdatlt an ofom to acceQt an P S -

It s the enerdy ehanqw_%cd: gccurs when_an e[qc{ﬂm s QGHP.C{ 1':9 Q. qasons| L
atom . _ ‘\T = : by
Example; F(@)+e” —> Fla) EA =-3829Kd mo _ 18
Note thak - : 3

W'nq qo.m an e,[ec'f‘mno

Forq .cme electron upproachmq an atom there ls gppasmon of attractive effets

e nucleus and reoulazue r&ercas in the outer olectons .

I@ attractive forces Exm.ed Ahe re.oulswo, ,an electron 15 qamecf and. ene 1

cu\lo_n off - _ 5 Th
E)U. qalnmq an OJQC‘f’(B‘n ES D\,.{-lLlorlﬂE. otom acqures e \)\o_(q Shlﬂlg Q'nﬁuh_ St
00S CDﬂFLQUﬂ]len cSF. Ne_ an
U T
F("S s’ Qp \—l—e —> F— (1312& Qp \
Positive Elecfron Afpinity | lbe
~/ vy @ b
* |Gain of a second electron by a non-metal ajves positive electmn o | T
' = — S LI
e Elao{'ron qppf‘oqef\as an electron —denge EBEes. _ E e
\P\ Al 3 30
. Enerqu is requlraol + perform Hhe chanae. . --__‘1“ .
1 o | A 'halplﬂqt ammp[e — 2 %esmon% S S
. = l_‘fllt-J of 0xXygen e
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Elements with lmalq tontsation enerqtas have high e\ec-f'roneqahwhgg

J
(a_pull that is exer»hz& on electrons loquxe_nuc(eusﬁ

The oliﬂ:erence 0 elechcnesafﬁuirfj between tuwo atoms qives a measiire ef
U T
Fhe po\qu’cq between two atoms.

Suppose a gosvhue_ and ne._\-]qa{we c.[narqe, are Sepafaf’re:[ from one ansther.
LI |

q¥

° .q"‘

direction of c{{"po(e- i

Dipole moment digtance. X dqarqe

\

U 9. x d

Nete & q 'JLs Coulomb and d 78 dLs'fanoa, n metres(m)

CHEMICAL BONDING

The proper’rles of substances are (in parH determined laq chemical bonds.

G'I:ranq aHrac'hve, -FDT'CQ.S hold atoms anc[ 1.9ns ’qut-lHnEF' l&Ft tn campounc[.s

and n’\oie.r_ules

An Aomic bond imlves fransger of one or - more._electrons from the valence

S
o fshell. A oolenua and- neﬂahue Ao forms, qwmq rige o elechostatic force

between cd:oms ,cormmq Hhe. boond

" |Tonte bonding ocours \oe.’cween elements uﬂfl'fa. lows lonlzcrl'lon enef‘qg_&_gt\
\J v - “ . 451 it

|electron agfinity .

K [*[‘kr]-.‘{'ﬁ'j Vil 42915 frsnd
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In a_covalent bond ; ane or more elecﬁoﬂﬁ_g.&ShGFEJ loetueen tum oms,

In coordinate covalent bonds, the chared elecfron comes grom the loge

f’“ir of one of the atoms in the molecule.

“Transfer of electrons resulks in o more gable conf‘f}“m{mn: 0 e Ao,

The. tendency 4o £or A stoble cnngiﬂuraﬁ'on 1§ Koewn a8 0&%

J
the He (hdium) conpiquration. B

L e

LEWIS SYMBOLS AND LEWIS STRUCTURE
A_‘ ‘-- —‘\\

T

A

A . . : ;
Lewis structure (or Lewts dot sﬂmde) 18 a_chemiaal Sj;lmlﬂt)%

surrsunded hj doks , each representing one of Ahe S and [or P_~alence oleo,
7 1 d T ! ) __——-—-—-—_Eﬂ

of the atom. e '
___-_‘_—_‘__i—u-.

Lewts Symbol 18 uged tn repregent the digtribution op valence electrons 1naq
atom or molecule . bl gy s . e

L Na

ik

s

| S—

J .
—_—

——

Since +he elemen

— lelement and dhun with saired

+5 in QQC.C\- T
(same subehells but d; oup have +he some umloer of valence electdns
< ferent shells) encfy of e €
umber O'F C{B&S rgi)re_smh'n N e Emn‘t‘.u\qd }ﬂs —l‘ﬁe gaf

__.—_______./
ely

\SE WA, o electnn on ead, cide @ﬁ

ectr . -
———muneral o Ho group murmber gley oo 2Ct-Side . Note fhat e fin?

---~---._H_i'l_9_&§_,__fbf el ali, resents dfe number valence dett®

i \ -~
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A lewis structure for a molecule shows the order and arrangement of atoms

in_a molecule {the sh'uc’cuml .Furmulq\ as well as all of +he verljence olechans
gor the atoms involved . '

A pmr of electrone 18 sometimes shoun ac a pq':r of c{o%s (3)or ag o

dash (=).

Tn many toxds, @ palr of C{O‘ES s uced 4o repfesent unshared palrs fdso

called lone palrs.\ of electrong on an od:om and. a dash 4o rEpre.sent- a

pair_of elecﬁ*mns '\'B\O.E' are_shared betuseen aioms In -HMs mq shared and

unshareoQ elecfrons can be o[ashnqumhwf

NOTE

Hualfoqen is_written gecond tn \omar‘u comﬂeuhalg with C'qroups VA and VA

(«Faur ancl «Fwa\ elerments but 8 wan'en first it Group VIA and Vil A

(eix ana. Salen\ elements .

NOTE .

In et cases -H\e, $irst atom in Q,-Formuto. 18 Hhe central atom and_other

okoS are \obuno[ o

FORMULAR FOR CALCULATING FORMAL CHARGE

-

|oFC =N

. IFJI‘

- (N + ,%;) where - V- = Nuamber of valence elechrens

N = Number of non-=bonded yalence

elechons on the abom 1n a molecule

g = Total number of electrons shared.

in & covalent bend with ether

odoms 1n o molecule-

The sum of the mrmal eharqe,s of the atoms in dhe Lewls structure mugt

equal tp_zewm for a neutral atom or equal 4p dhe jonte (-_kmae for a

po[ch:omtc 10N .

(ﬂw, Jormal charge st be as smau as rpBSSIlale
tha'hwm chames usuattq appear on dhe mosk e[ec{roneqa&ue aboms and

osn»hua en -Hm least ulo_cﬁbrlgqa_{-lw aboms .

Scanned by CamScanner ‘




N

b5 RESONAN NCE STRUCTURES
ek |ewec‘ Qe a_resonance i
A e The, qo«‘uoj structure of the- mgtqcule can be v ) o ﬁ

dhe thee s’rruc%ums chown el ;

B — i o av —— ‘\\

— —
Téra ' o — [r— r.:l‘. i — [ 1 Ll b, fm—

¥, X e o - ¥ 4 o e

i . 102 00 ).in 00801

o . 5 | Ao R TAS Y Al ang S e DA
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: Wheﬂﬁua“u corroct Lewis )
= Jean be: uiritten un«kut dmnqm Seloo! o
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v JOF  BoNDS P S

——— e

a—

¢ | You are Prnba[ﬂlj aware —lhal- ﬂhcmn

\g Q. \0‘4& cf 0pCor N aJ_- o .
mMeans equu[ Shnrtnj “The hunﬂflﬂr, Jagter popeorn Jalir uuql\a mOLm .szl |
' =

lon's Share ., LlHe,uJLse _na_chemical loond belween {wp dli ejt1

l:]—he air_of elect: HEs Oiorns
p of_electrons_ ts not &harec{ equqllj, anol,_ﬂe atom. gets Hhe on's

'share. OF_~ Ahe electrong. : J

* | The o&nu-t:j _of an_atom _of_an_element_1o utquct olec"rrons la_&l)cgglg m a.

covalent loond is Known_as the_element’s elecdronec ahwvity,

o | The ‘most le.cffonech“lue element .18 fluorine , which ts qs'sncinecl. o.nh .,

: eleﬂ'froneqahvt‘kq 'UCLf,ue _of 4.0. Nolice 4hat nonmeia.ls 4end 1o have Lnﬁher

values of electmne CL‘l‘lU[‘hl +han_metals.

¢ |The values of neqahmtj-—elqdm (electroneqativity) were sirst c mlcu(aie«:[

bu Linug Pauli mq who won +uo No’oel Prizes and.a Prbponen’c of witamin C.

* |Electrons carcy a neqafhue chqrqe In a cm:qlen’c boncf be{wqen 4o atems of.
thperenl: ele%neqqhwtq 4he more elec'i'roneqa*lue atom attracts he electrens
tn ~he bend pqr-l'lallq qwaq _from +he other a{om ancl thus acqmres Q Par-haf
neqa’cwe chctrﬂe (-Sqmbrbllsec[ |oq & ) fﬂ\Ls [eaveg he less eledroneqahve atem

qu—H\ a par+1al gosrhue chdrqe. f.sqmlaofLseJ/bq» 6"")

. 5. | A Covalent bond thatshas a. partial. separation of. charae_ due to A uneq_ua
sharmq of: e[v.c'lmns 1S Known as.a. POIQF-CDUqlen{: Bonc{ (or smplj Fo(ar

"
‘ﬁ" . " . ' '\ t_

Iaonc{) DA 2hea S . o -
A’ pofar bonc[ \nas a neqa.hue onc{ a@ anc{ (« 3 PDSI'hUB enc{ nnc[ 1§ Scucf %o

"'" bl | : e i

- c»n’mm ol Dlpol@. (two poles)
e (A polar bonc{ s someﬂf’mrﬂ l1Ke.- Ear~|h 1(:5&[[1 wh
dipole with a north and South maqneh'e T:ole
. are_clectroctatic ra’c&er than maqmﬁ;c)

. ”“\e dupole €f a bond &~ repnesenffeoﬂ loq an_arfow
) {n -H\e neqﬁwe enol ("'—"3 *_J___-—*f T
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5t 5—<________.;“n rgPreszn'fa’H"“ o{__ra_gl_qr,l_t__lj S |

s S

BT i S o e I‘Epreserr%'d:kfoﬂ-UF_J’BIT—L”[—"ED[L—-----..___ |

-—__—_;OlwitﬂlSlj shared eq_uq[[ﬂ- i
S 1(‘: cleckens are shared eql;uallj'. e lend 18 Known as (\unFO—[S—[)_NJ{QFE[;
— = llbond.. On dfe offier hand Hie qeater Hhe difperence 1n E[ecmng—jgﬁ‘_’!:’gj‘ e

\-r - h - - Fl
ﬁ—‘.MCE, tf the difperence is 1.9 er jrecul-er ,LE may indicate Hhat onp oy .
——_gained_complete contrel of the Fqi_r. o ne(er-.h’a_ns; In othier words, %ﬂr

- |wnte,

o e |
When elecfrans are: shared loetweon afpms OF—J‘L—@-—S—MQ&J“MEEQ [
N

’

RS

7

J
behooen fum o&om,%'mre_‘na[ar% loonal .

. i’

Drn}, '

Consider. 4he cate of watec. The 4o 0—H bond digbles “‘M“L

——  |are not ot an anﬂle of 120", $o they do not cancel. e
S 3 e | - = e B
il BN by ot U S NI S _T_uresu(tnnl: nwlecularﬂ[wlﬂh i Tgesmest -

— e
cule. 60Se ; which 18 linear hige cg,|

. %bﬂ%w% e |
molecular digole i%ﬁg@; ‘H"’ bond digoles iste |

~ el -~
Lo P 3 = -
. . i - "
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Since 4he covalent bonds In most molecules are polar, does that mean the
cule kselg @& potar @ Sucprisingly, -he answer 1 “nok nQnggqn],j“

mole
| The_ Folunt—q of a molecule Jepencls on Us qeometru

Lewis_structuras con tell us cﬁooui.--i-hz jeomehdq o(: Seme $lmple, molecyles .
The qpprb‘lltlma"l'& qeometry of 4he atoms around -a_central atem can e
Prechc.{ecl \aq He valence shell e(adﬂ:n pcur repuls‘.mn (VsE PR\ Jclngorq

locali sed. Cr}\ a bond , repel cach o{her Yo -+'na maximum e'r.’rent In v'rhermorcls

dhe neqc\-‘nvelq churqecL electron pairs getas far away £rom each other as

possu\ole.

__Doulule and teiple bonds are all_considered as one qroup@oﬁ electons, o they Tt
are treafed the same as a smqle bond tn his +ha_nn.[ 3

lecule 18 the qenmetrq deseribed loq the bonded

“The molecular nenmo:&ru of a oo

9
atoms and does not ncluc[e Ahe unchared pglrs o eiechuns

In the €0, molecule, for the four olectens 1n each ¢~ 0 bond to ke

as far apart as possible , they will e on_opposite g cides of the w&ﬂ

car\oon atom ab on cmnl.b of 180°. The qwmeﬁu of Ahe molecule 15"&;;\

described 1> be ],1[1_59_{‘

180"

molecule whteh hae Ahree electmn qRups 4 . the three.

Consl&en(jg__'lﬁ_\g/ 8o,

elechon greups can s_tgwau as far as posSi ble fm_each other by qssummq f‘

Ahe qeome’cruﬂ an eaut[aﬁeru,[ 'bftan&l& wthan 6—%—-0 cuwﬂlg of 120

The owme{fu aﬁ»{ﬁs mdecu[e 18 clp.scnhec[ as 'l:ngonql planar "ﬁm dgentva

aj}pm 1 bon&e&% & tup sther atoms, and ikhas one unshmeol patrop dedhens.

Thye we describe the molzcalar qeometm of Jhe thee. abome w SO, as V- Slnap&g
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i __-—hhhh“\
"-&%Lm +he [bncgp‘l: of ,Formal chames determine - which of the folloy, -

| S i s mnre plaJ.tStble f%or nl'h'lc acwf HNOQ., —— -' - '. xu-
- , et
.. D H—0— N— 05 qa) H-=:-§-O-—-N =50 I
e ! :0: , O yoae
A ' S o e =y
q,___,q_hnswer: % . . | H\
el —
En | . ;;f__‘“ﬁa
e ol : ) L R
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HYBRIDIZATION THEORY

Used t» explain_seme of e shapes of melecules in VEEPR ’l'Buznru

Huolrwlamilen %ru Saus 'H’mf afoms bended in molecles will

unclerqo ghuctaral chanqe.s in their Valence level adomie erbitals

Neur Sefs ep orbitale ane, fFoerc{ called H-qlnnc{ orbitals .

Huclfto[l?n,ﬁeﬁ exg[aln.s 'h?\e, qeme"crq af—"fﬂe, compeuncﬂ

Hubm{ erbitals ho,ue, come chamc'fartshcg of <the ! erfqmal atomic orbidale

\owt olmpper n shape

A qurt& is SQmQ-H'.mq made: by combining’ different:  elements .

Allotrop&% are cllFFerenf Jorms oF +he sqme element eq diamond and

araphito, are both earbon a:tnmlc mmpouncfs

HOW DO RONDS ACTUALLY Form %

—

Bonds are ,Por'mecﬁ usﬁuan ofoms chare (or 'rlmnsFer) an electron (2).

—"The Space a[echhns Uccupu — 9rb1+qls

— Deas our ews=of’ atomic orbvh:ds mesh it VSEPR?

PO AN A i30e

S erbrtals - .. no prbfalem -—or\m’nﬂe. ’? Reoaxl clumhball Shape.-—-

brlﬁﬂ+€A qe abnq '}(_ \-‘ IMGQ s OU}OES Whaﬂ' CIJGQLL'E F f?

VA I

|

Dg_) l_,)k

=F

E\/

a2
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bt about 4l 7 el

e L T
/—\\
f" j_. s
N R
NS T B A o i J
v ) i x
HYBRIDIZATION — THAT'S #ow ? - el s
Energu gap betuseen S and_p orbitals 15 low - LA
"., —~ A—r\ do_ch"un arbisobs . enermy and 18 promo{'eoﬁ 1o« (QP) ______‘\
! ' nt s o ' 4 e
7 X 104 e
5 2 44, Qe 4
P 18 4 | 1¢
v farfaeﬂ' Qmunc{ 3-f-u£-e : . G)J‘loﬁ-ﬂ,' E\&c[ri‘gcl dmn
decf:mn Cbﬂﬁqumimn . .
confiquration.
1R Pengtion — followed loq Hubrnchzod:mn ‘
emembor +hat eromohien  is energy intesive | Hawag enerqy, . Bulb nstas m

fnemy saved “’ﬂm you @ form edditional lgndeg.  C

- Mq[ﬂng LGHC[S _iE[QClSQS eneggg
J

' \/—/
— Qarbon: sp> hybridized

- Conpiquraien p
' vMM ’
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72| “This helps eﬁpla'ln Methane | et | R
T |l 'meer'hln‘t +o remernber ts the Jact that +he pumber of atomic arpitals
m{o o M\orlo[ scheme must equal +ﬁ~4 numloer of ht«llortci. orbifale eyt
1 ot that scheme .
ot .SP orbutal (ona\s qncﬂ %ree P afbvh:tls)
eomeek p—
— &
b rfour carbon .51.33 -
hybrid erbitals Q
7 3 four ngamam
16 ~f
orﬁnrh.ls
[“‘——__

Scanned by CamScanner



| 8
|
|
_4-3 \‘ H\i\:rid Orbirtals and dheir qu_mg{;ﬁc Orio_n"raﬁor\f B
=2 B _* : ’ . \
. l HuubﬁA Orbifals Goometr e Onentatien Ewﬂmple\'
O = P
4 KS’_P'L Linear _ - _BP_-_%
" sp Triqenal planar - - ﬁi\
> q :
S Sp Tetrahedral %_\
e . . .
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spid? Octahedml C8E
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Somekimes o gingle structure falls b explain_experimental measurements

bond lengthe anI energies .

“The cgnce?% of resonance {8 used 1o indicate o composite or 'avemae’
X \J

. o h
strueture , where two ‘er_more gtruetures are ?oss\lole.

\N// \N/ N/ I
| - jin 3 S ’
.o L 0 Vel O
Thete 18 ao brue . ro\ /_/O-l -
double bond AN
T
0

LN EER Y
bond order /g,

VSEPR — the ’ceckniqvuw_ A

.DISEPR 'ﬂusr&)

Valence — Shell- Ele 'nf Rair = Rq;liglsien "[hwg

mined loy experiment or quantum
7 : -

Chapes of molecules are dete

wechanical cateulatvons .

VSEFPR fl—luorb{ uses Leuds- stucfures 4o ?rec\ic\’: Ahe molecular

tra oe oovalently aded molocules' ‘
LY | I

e USEPR heory o

eachh ether, 7 )
Lecause _electrons repel eath oth cumounding

Tt  atates Ahab the 3= dimenswnal arrangemenl' of akems S

a CQn{m[’OJ?L“l—@’do—hrmme& lmj = %ﬂﬂ—emﬁﬂfﬂﬁ“

lelons between the lanncl\'ﬁg and +he no

' . -
in the valence shell of the coqhal afon . - m

far ap 0 tble , minimi fng
g possible  minimiz
as far a aft a

® Elewq%ﬂ_ﬁemselues
/_-

Tﬁ?ﬂlﬁiﬁﬂ_g_'_.———

Loy Ry
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1S

T
(@ Doeuble bond Q- cmcl Jmp[e \obm(g N loetraaEect as Sma\e%

e nuqhbourmq a!corns A o
V d r | 4 \

Onlx\ SI% 8{??& are fequ\recl 0 mﬂm Mmlew[ﬂr qeomejcrj%i
[Nnﬂ* b or NH“"

\

Step 1 : Determme Ahe numberoﬁ loctrons (n %hegu[er (Vﬁlmce g
obout 4 contral o . e

F———
Element C, N, H -
N2 o valence ele‘o{-mg :-) . 5, Yewd an ¢ SolP

' g

Step Q . Find dhe m\ence and, number of electrons . assomafem
__—-__'_'_‘—‘-—-\_
l\qc‘ncl (a.n ton_or molecyle at{:ached b a mef:al edom b 3

coordinate \aonchnq\ p Jt: dhe valence 16 1 | , NQ of elechn

Lﬂf QAT 1 Bﬁ‘.l-\
o I8t 137 Congivinck o valid! Lmsle’rruc.’mﬂe 6 'Hw, mnl@cute 0 quesh
shounnq all the bonde and. all of the |yne Ql"& b (M
n pauz\ of elecbang. - ‘ “9“ ’
[N G E¥ ks ki
H—N—§ o et J

IStep 4% Dd:ermiM

r“("“ﬂ-hoﬂ aumber

around he contral abn!

The coordination numby
er |s -H\.e number o eleoefrpon patrs wh

oNE
&9 CHy and NHq'-h o, in the outershell divided bt
mir W

Scanned by CamScanner



u—.l’

Step S & “The overall aeome,l:rq of the atomic centre i determined lou

+he mutual repu lgion bef:ween +he elechsns mtrs of the h;’rq(_

coordinabion numloo,r

0 0
/19\('\ Arf\{('““\
T~ I

(A

RIND

Step 6 ¢ Tusd a&mstmenbs are requlmA by the VSEPR -l-fxe.eru meHwod

1o +mc| the geometry op an atemic cenbre .

Lene pmrs o(-‘ e[edmns fnon lended palrﬂ are faken ke

acmunt in cﬁe’cermmmq +he total ceorcimcthnn number and

VS EPR qeomekru, ook are nok uged when c{epmlnq Ao

mom@lrru Bf an adbomic cenkre , gan atome are. used .

Resonante is-simpbj a_concepl uced 4 show a composite or avemge

structure | where i:u:o of Moe Struchures .are Poss'llolﬂ .
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271 THERMOCHEMISTRY

NA‘TuRE OF ENERGQY

i

Enemu 1 cl,e{:med as the capaatq io clo WOrK. - or heo.{: ({:o procguce heat)

One lmpochan{: law o consider is Hhe Law of Conservatlon of Energy .

Enemu can netther be created ner cles+raqed but - can”be oonverfecf .m:m

one ,Corm to another. Thic implies +hat Jrheenerqq aﬁfH“\e unierse s

e cons’amt l'Hw fh:Jrql enerqy of he umwr&e 18 eongv}an«k)

’ﬂnermq[ Enerqu — 1S +he energy qesoucxfecﬂ with 4’no_+ﬁ.e mnc{sm motion

of atoms andl moleculeg. =ivi 5

CJno.mmal Enerqtj — 8 the eneqy zsd:nrecl within +he laancls of d‘l.ﬂml(]‘l(

L

foniboyse, stk -ncubstadeeanisroluus 9 g

Nucqur Enmq — 15 dhe enemy: sbrecQ usithin +he ceLlechon of. neu{mﬂs

and prb‘hms n an atom.

Electrical E““j‘} — s e energy ¢ ‘assoclated with dhe:flour of elechons.

| Potential 'Enerﬁm‘nj — 1§ rhe en_érsq.-m:aﬁtable' by virtie ep:an obiect’s positian.
P [} - ~ ~t ¥ oJ 1

s boeracdsaamisdE nl Laswiuae b gsssr e Griwlad | ria ke seene

L *q - .
=¥ o I R n - 5. -l a Ao _ e
v &SI PINTTAETU Pl (4 RE AT SR0IINNS S

-|The -.L'an'qudgq;uérl:-e'ﬁ\crﬁtochqm{s’crﬂ Fovmer don o
s \J 1] ¥

R N - LA TV O TIVRRT.

Thecmo J;qnamlc sustem

& %o.rmoc[unamm Sus+em 1S that: purt of the. universe +hat 1 under

canswlem,honr Jor emmple O un.eac?erl.men’ml.sel:-uf ndhe ol (@) a
biologieal cell, (3) wine ‘fermeitation-tank -and et cot em:..-

1 .
* F . e~ gt
« 1) [N | B 5 L

Types of Sustems

“',(““” System is 5‘”“"“"[’95‘ from-the: rest’ o ! ithe - upiverse I:JL[ a real or Lmaqmarq

\oaundam AR 2l

Y ‘“’\B surruunclmqs are ““where we. are: “Eu\c‘ +he rest - oF ik s the! umwae A

-—_ﬁ___’%ge of Sustem 18 UFJcen charac’cen?.ec[ ‘au-{he nature of the Ineuncﬁarq 'LE-can efther

be open, closed, or iselated,
Scanned by CamScanner |
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an loe Arans erced botween the g sten,

s o dhis ind of sygtem , wnargg qin bedmesfE - T e
e N &inqs bu.i: not matter WW%

r N1

3 B | .

"'-FHH: . 3' ISUlaj:EGu ng{-gm oA IR Wt BAe P £ 1 — . - l ____K
ol 1SD[CL‘EEO‘ susms are enmple+e(q tsolctte& 4om f):hetr &urrouncfmugﬂ{g\
T 223 examole Ulsu[a.{'ecl cnn{-amer -k’nermm‘:(qs&( | ot. Crri yJ 1ng i,

PR
¥ I
s Ale)
-—

xS'fufe and * Non S’m{-e Funcﬁ'ons‘ — ppnd Insi 0

- [The state o the system defmecf by mlcn:sceplc properties for emamplz

mmpOSlth uclume pressure and energy, In %errmchamns{fq , W aN

wncernul thch dhe channas related o -b’rmsg praper'hes

: 1A Such funchions do not depencl on the: path . tiken: [uswl\ lout! ciepun ﬂ%t
Jon er initial and &tnal Sdtd:es oF the SLIS‘(WT\

INop = state: fanefions are path - deperddnt: M r,m:inumfI

Iheaf: y dhese depend! ey Ahe mube: use:{n

| e h.n mwmqj{om 31113‘9 1 4o staeQi- !ﬁ-‘ﬁfeatamoun’c oF - uDrK’ mu be cﬁ'rlﬂ,
R !] wm&m_c} on 4he ||3t1-Hq usecﬂ

marepc. 46 2p00f -~
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WoORK (w)

e When an olo\edc is moved aqalnst an oppos'mq force — Work is done . Tn
B chemlshu ,_chemica feaehons do work wh.enJ electong are driven Hhauah a
: metal( wlre. Most commnnlq encountered work in chemical sqs'hamsuls
| volume — pressure. Volume cha.nﬂes for example, eccur due -to Jtsappmﬁrm
[— or_appearance gf new—gasepits ch[ud:s
:_ Work is the force ach'nj ever a distance.
| note: | Always. remember that thore ars 4usd umys in which:tv dmngfer enugy.,
. ame[ul work and heat (ffhmucﬁw WoTK qncl’)d'%’cruqfx heat) .
NOTE " | “The may_energy 'hnnsper is divided betueen work and hent clepencﬂ&, on
%&jF%lF&c cmduhons — Adhe pa{-hwuq Enegy chanqe 18 mc[e;:enafen{'
of the pa,ﬂ\.wﬂ.q houlumr work anol hea£ amjﬁﬂ depenc{e,nﬁ upon e
par}kwm.
NOTE . ’ﬂ:\e Shl’m function s a pmper-f-u ef a 8us+em thot Jenemfs mn[q on s

presen% sh{.'e

& state function (bepeﬁ'q\ does nek alepe.nc? in ony wau an &sug-fems

past rer ,cutum\ Tt t{epencls on on the characterietics 6f Fhe msen{-

s'h:r,to.. A chcmqe wn s .punchbn ( pmper-hﬁ n qm N fmm one State to

another 1g mc[eoe,nc{en{: of the particulac P&’rfnwnq «quen

’]'hare,r-ore energy s a .%'hvfe rFunc'hon ,but heat an& Werk _are not state

gy . ~l y o < gt}

,CunC'thS T3 4) ] % 'r‘n' Y

"The System 18 Jhe par{‘ Df' 4"12 universe on wlmci\ we unsh r\n focus attention.

The Sumaunc[mq houue,uer neludes elref‘qu—hmq elze 1ndhe universe-

’ﬂwrecore ﬂrDJ:I,JCL'S and reactants of o ckermca.i reactlon are deFlﬂefi as

|tthe susiem The. sun‘ounc[mqe. consist ef @ reachion container,e- -9 furnace,

a_oom_and anq-anq else ether +hcm f('ﬁw_ mc{:an%s and pmduc«‘s
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#___KFL From classical mechanies ; Werk (W) = force (F) X disdance () i
= ) = PxXxA KX O“]L)
:_ﬁ_ Work = p AV
ol AN ILTIR
[ Heat (‘” HLBY
e Heat 18 4he Ahermal eneray that 1g 'frqnjf‘erreof whien- fuo boches are (n
[ contact. Jt (plnms £rom a warmer looo[q b a cooler one .
M‘mﬁf' Eaerqy is #anSFerracQ between e 4o bodfes until the average K.
loe’cween them ore 40w same — condition of dhermal equfhlanum.
| * |“Temperature i< 4he meacure of —Wm,&'fﬁermal energ .
Chem: cal chanqes and heat
-8, Enerqu 18..oither: evelved or reloased &unnq chemical changes. T n
u-mer:\oo,« vobstrbed or ro.leasgcﬂ =

o | A process in_uwhich heat is reloaged Ao e ‘suirsundifigs is kisan as an

‘ QXD'H\EM'th, prcess e, g combustion of hqc[rocarﬁaon?

8y Enargu ex\ts o eusrfvem - AE ("lﬁe e[‘uqnqo, menarqq LS neqq"h ue)

Zomavlroomsa N\ P A3 38 JFau b3
I — ' \ . Enerql{ £lows eub
| - Jrulinny 210 20 \ 19 ko e O GP%&Suﬁem e. q
L. o) ha) peiies feli \k‘ LR RN ._as heczb
o | An endbthermic preCess s where enery [ ahsnrbe& bqrﬂw_susﬁem eq
|\ \'apoleQ‘hun* 041 water. vy :
,———-—_____/L\‘\ﬁ heat 1s C&Sadmc{ £om he -Suﬂ'bunc[mqs bq Ahe: ng{em and eoﬂseque\f\"(f\\
| Hhe emporature op 4he, suﬂ‘oun:lmq& umll Yord. dn cimo % 'Hw, cudeRei or pcess
pfoceeds Sodk TS0 shon . g\

fi o ‘f.
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-~ Enerqy 1o added +

— o i st Aoy

- L) L] 1
: Ahe change mn enemy is

; )
_gositive., + AE.. -

——

: ' D e o
-~ exodhermic , head i releg

C o1 ir!:o.éﬁe»sunbun&inds
. v Jd o

oo | osrowedings Jsysten L. 11 zerore

Bl - I ‘ IRRNTERCIND” T R - cendtRermie, ~heat 1
.,_,._,-‘-—I"- i~ /'f .‘-I M1 it ‘.. i'__'?'ml _-..-__’: ',_."- k- absnrch[ rﬁbm"'“‘{.-surmd
S i ‘ ; _ ‘THE_ NATURE ©F ENERGY ( THERMOD DYNAmlcs‘)_,i

o Pes. JI’ﬂ\e s'\‘ucig of eneryy and s intercomversions s called hermo

namies=

The Laur-of conservedion of

f_cneray s cF-’reh called Yo firgt law oF -

_____'__‘_,.-’

-

L]

P
jﬂ/

:_ l"'hermoctﬂnamfcs X
/ Internal Enermy
) &gy £, Ysfern s the sum “of the KFﬂéﬂch'

'l.f‘!f"."-"i,':l.' /en.gm ie_s, . OF .a[[ "H‘Le,‘--: mlparrﬂ'c[es“

s J

2293000 ;‘/'To “chanae' ¢he ndernal eﬁerﬂg

[a) stands for heat and _ us

S o system 11 AE = G bl e
Stande for wory dene. i

|
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"".‘.Q

2=

.

NDTE + K The \rfernal enercjﬂ remains cpnStant. rlg- here s “L{ﬂfc'h'on i
'Thgrmocﬂqnamlc qganﬁrhos consiets of two par#:s i
m |
()

| T £

| The sign reflects the Sugfem < neml: of view

U) the susﬁm does work en

| 4he: Su\ll'rounchna s , the u!«orl-(, clone %, neqa-h\)e wﬁereas (i) when the

surroundings. Jafo the. WDrK” on "Hw. Sus'hzm «Hw. work done (s pos:-h,ue.

Moct laboratery expenmen{s are af ot pressure Le a:@mospherlc

me ) b oacul c!uunq I’EOG’"LDI 'S e-q en oax

T

.—F\GSKS e.taCi” AL

18
Acloh’uonallu. some PV work (8 cione ’ﬂhe cfwanae n m'ftrnaf eney

enmik 7 J wi A EnD Qg pAV b bodnina e ot Sl
VP : oy n EE ol

ina . we have A
Rearrqms q, ) |

p ! - MT U ‘. t ey e
fo1e1! J s 4 T a L it}

The_energy aamed’ or lost c[unnq o chanqe "h:u{mq p[ace ol conshnt pressure

|18 KaowN - a& En%a[pu (H\ -' spafhedaz ol ik

J 1

.‘

" -j_.} o o b

Elﬁha[pu 15 a sfate function . Fora chemical reaction , AW = kp -,

AH s pOSI'f:l'Ue \f —Hw. pmc}uc{'s 61”- Adhe mar.hon have a qVeater enﬁ\alpq__

-~

\LAA l".ﬂﬂf‘ll’ﬂl"\}-c. f rs i | I j i | - L . el .
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[a'h en_of enthaf Ry chqnqe.

e Aﬁump'fwﬂe mGC{‘Q [n. MCQ[_C'-: E.'
LA _ I ~) f
LRE Py e, e il

il 1, I(; is an “isolated or clos:gcq siygtem anJ "fﬁeﬂ?«‘s o h‘@% *‘iﬁ—b{iﬂ
*-4"_‘-"_ Hhe cal.nnme‘l'er ano[ L[:~S‘ .:sumuncﬂmqs: _——
e 2. The amount of hew% aLsarE)e& or neleaSecf hu +€\e ca[ﬂrtmefel@&[ﬁ'
it oo ¢mall o anluence ea[cu[ah‘bns ——
‘T'I"_."? copr |‘ ‘r' ,“' B3l ‘i i J._;-,.T‘., i -_4’-.”/

‘ Pﬂ‘lb’. dJ'IrLLLEQ SUIM'h-BﬂS an[uﬁcp 'Ln d‘c\.e ’l'EClehOﬂ qrg -hea_{'-; Cﬂ ‘as l,/

.1?"'-?_ were wu,{:e,r _
ﬁ;_ X i T Rl Y 4 0 08 ] ._]._',:,. e 1"_: Pa 5 :
L ’ﬂm, enemy rc,LeaseoE “‘LeaE) 4§ KM ATE 3 aid i ///

s - cpeciplo heat capaeity ((J /e q\
M= Massd ‘of s::h:.hcm{q’) Loy by ;,;.-
'T = d\a.ngv, n temperatue (“‘C)
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HESS' LAW

In amnq fom a particu (ar sef-of teactants #a oarhcul‘arseﬁ-cr: pracﬂpcfs

the chanae n enf&aim (s Hhe same _wshetfer he neachan dakes place {n one

e
s—l;ep or 1,n a geries m: sfepe
— ZH
A >D
\ i
AN /
B.——>¢
AH,

AH = AH, + AH, + AHq

68 kT

—
—

N, (8) + 90, (3) —> 2N, (9) AH,

| lEkamP[Q 1

’ﬂmg reaction alse Gan be icarried eut Ln-turo-chsh nck: s*haps

unm enmtpu chcmqes &esmmfed loy A&, ancﬂ Aﬂg.:

st Egrieuer 2

- N3 (9) - oa (9) —D ;wo/(g) cAH, =20, T -

Q.NU’(S) —+ OQCQ) — RN@Q (9) AH;J, ‘-.='~—l|9_.l£'3--

T

| N (9)+ Q.On —> ’ELND, (5) AH9_+ AHS = 68 KT

AHg + AHq =
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A

26 The Pr{nciple of Hess' Law___;_"_'__._i_'-_'_——— =
0a(0)> i&ot:») 0,(9) » QNO@_ —
4 J T =
Al = -;‘I_llak. 8
B

AHQ_ = |80 L’.T Y
" AN L B
AH AH, .-63_1\-"
Na(9)s A02(9) ] o I N?-f-g)’g;_o}_(ﬂ) ) B
- ., one —step reaction

i} (’.harqc'Fmshcs oF En-l;hq[Pq Chnnqe&‘ &

[
- 1 ' . Gt
e SRILODIZN 23000

1{. o rmc’rmn 1S reuqrsect the saqn 5F AH S q\so reversecg

* The manm»iucﬂ:e of Al 1S cQw‘ec-FPq proporﬂﬁbnq[ ”b-l-ﬁe quq -hfheg cf-read"“h

and prbcﬂuc%s \n 0 peacibn

llllll

I ’H‘-e— Coefpicients in a lala
He nalue op. Al 1o ﬂCEOP %h@ ’Oqan Ln'ft or, —

%WM

| =
| Erample Consider e gllouine do B
NHs g \FNS\ —1

’[ 3.(3) 2 %’M—h@\% T .0
W@ +0,00) —s o —— —
—2-28:0(5) AW = - 484 e /ﬂj

/ Calealabe Bt for toa eagigy —
e I

[ sl AN Boe & g SRS /::-1
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Prnhlem - Soluirht’! Sh'll’[‘egl.j

Werk backunrd from rthe re.qulmof reacton: usmq +he reactands and

pmducF& + deuc[e how 1o mCU'LLPLl[CL’E'E 4{3\3 ofher qﬂmn reaehons a,[—

ueur o\Lsposal

Reverse any reacfignS asg nzao[ecf o qwe%e requ:red’ reaafqn'{s and

PO ducts.-

/ﬂul-hqu reaoﬁons s qwe 4‘8«.0_ cornad' AU beﬂ: 013 mc&n{-\s am:p

om:[ucfs Unauz ot aunsheJis

qump[e : Rewrsg +eu:4m ceachons

Jinlll , ,,'. % 4} | "

'/Q_N,, (3) + Hg_(s) —> NH Cs) AH =467

* I f L.'I-.

QHe.U (a) — ;ZH (3) + 0, (3) AH ++8¢t<3'

}

’“m closwﬁc{ reacﬁer\_Ls : QN 2.(9) + GH;_O(&') — 302 (9) 'f“f-NH;;(ﬂ)

—_t

Mulhplq reachens -l:o qwe ~Hu=. correc-E numbers of reacfanfs ancf pmcﬁuc&:

V .
b 1A D) -
|

[ ulk CEE IO anteﬂ " A% = —26eT)
T 3 (2009 — 2Hq(3) + 91(5)) 3 (oK = +424z3')

#

. '.-".Dnsmc[rmr;hon 5 ;zN (9)+ GH¢0(9) —>. 3o,f(s)+ 4NH (3)

Emp[e o ’ﬂ\z ,F.naf reaehons are . . CH A Rty

AN, (9) + Gyﬂ/(a) 74 Nity Ca) =~ 184 %S

> G,H',(g)-rsoz(a) AR = 1550 4F

EHq 0 (@)

 |Desired rechion: 20, (@) 6H,0(5) ——> 800 @ F4NUs[9) Att=+ 1260
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Chemists es%o.neha[lq carrq out eXpenmmh under a 'Vﬂ"l"—gq Gﬁ%

Hess' Law hae sne restriofion +hat all +he en-HwafPles "WQL’ &’%
at Hhe samg -l:emperwfme and pIESSu e . e

C‘mmqes An en*H’m[Pq are m)rmat[q rl';pr’f‘QO[ Jor pmtegs&S’ fhkm,q rp[ace
place
unchzr a se,%o’f—' G&Qrwﬂqu cmlcﬁflwns

The ed'anc[amf G’hrhe o o.\subs'{'ance cd‘a snea{-!ecp ’ftmpw'ﬂ-“ﬁ B i

pure form ab 1 (oar ’Fo; ezQaMp[a

—_—

—

HQ_C)& —> Ha.f)(ﬁ) Amp H 3%5@ - + 4o. GG KanL"'

——

Gnn\ren’nona D&Fm\hons .oF Gfa.nctarcc Gfla%es

Fur a cempountf Aot a gas , pressure L8 EJNaG'PPq 1 atm
REAINGY: - 'rForasu&lhbn enann{m«Ften s emcH’q 1M,
=~ dero pure aulos%mwe fl/mucﬂ or tscrb,om

"i

For“ an e[emimt' — fHu»P-Dnn E__;L(Q) K(S)—l in %ﬁtcﬂ 115 EN[S'fS of
| B 1 ai:m and 26° Cik) st . E) ol

—

ey "", 1_1 r f3 B
J *1l A

) En'ﬂm‘pu of Phq@lca[ d‘\anqe
’ﬁm 18 fHu; slun&arJ ervtﬁalpu cﬂ{umqe Aot acr:ompames a ckanqe, of

)"\N\S|Cﬂl 6&1\‘{"& 3 c\nc{ L% 18 CQH.GGQ lf‘ﬁ_e/ %ncqard\ en‘H‘\QVFJL\ O(‘_ -‘-rans“hon;__
eno{:ecﬂ A,chH L wh ensiten langd an | |

thmciarap en'\'haqu of mportsahen A\mp Hp- ——
Gtandard en%&aﬂlaﬂ of U,pu_gten A{F‘*S H“ e
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) Eﬂfhﬂlpu ot _Chemical Chqnqe j

Standard en'f'ﬁaﬂpq of C‘\anqe ’Wmf accammntee a cplemlctif reacflon .

AH® (s dhe Clqnmqe in en+hqlroq when reac:fnnﬁs tn ¢heir standard

gates change 4o prcrt{ucﬁs in ek istandant chdess

Tt i the &Lpperence between the en’fha[ples oF +he reaefalﬂx and mcfum&

AH = Sum of cm-fslrm[pq of pm{uc&. — Sum of en’cﬁafples of- teacfants

AH

-

= i ( pm{uc&) ZH1( mac-f-qn'ls)

Cmnstoter +Hhe mac'hen : a.Aff- LB —> cC -+ dD

'Ww_ Srandard enffha[pu 8 ag Fdlmurs Ioetew

.AH;;:

[cH2 () + dH, (0)] [ oS (a) FBHZ(E) | ¢

A Scfwmwhc oﬁmqrwﬂ nf—'-fﬁe energy. ehanqezs der-he reaohivn -

CHa(s) + 90, (99 —> Mooy + 2420 ().

Mg, = -

"o

(ﬁskﬂ—% 0 ~+ (-394x3)+ (-542 kT) = - 89) k7.

Pend ErrH’mqu is_telafed 4o the Wnfsrmatien and: Lm?qmnq of chomical

bond.s - Enerqu ts W-qml‘ﬂo[ B leak Josnc?s whiled enemy g given opf n
dbe J:ormqhon uF (‘::oncLs

mp.a,n Bond Enﬂm[pq auow:s us o pn‘fc'LLC{T ‘e Ltuebq eneny cﬂmnqe wn
e. chemical reaahbﬂ ,

Bond Discociation enery 1S c[eﬁne_ct &s rfﬁeamnunt ot eneqgy reaumei

4o brear one mole of eovalent loenc[.s U aabesusd &ngs dg .t

0, cm “—> C(y.+. zo,f aih 160*? kT

! BEE T T FENT
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Tupe of bond_[Ha_ (KTml!) -

AR IL;

._I-N..—H..I- ofel B B i prp e

0"‘ H PR | P LT L}GL}-' .‘

TR Y TRt

c-¢C 6

The_enthalpy chanae neasired during a hemital teactien 1o “the ey

i
ey

] N .
noeded 4o lmear all the bondS eg _combusthon of mo,%a_ne; o

CH, + 20, —> 9H,D + (0, E = 1646k

CONTINUATION ~OF [ENTROPY FROM. /PAGE TWO ‘FROM HERE .

- = - s %y P | i [4
Endothermis. potss ¢ Mwn = = QRtgof furtenegyts)

Tem pera fure (E)

e

i, i FREE- ENERGY T /% -+ laiels v Loimtm Tl .
i Freeemnﬁ."w Jef'mea[ loﬂ G = H—="T8 ., . . o _H
; '_.;’:. ) SR AG = “..&_'H'I —"TAS:’\-QR&"QF{C APy _-;- _ - : -—;:

>

1. |
|

Sy B A | FRCTE  EIAOT TTRTIAICY . > ] A
AR. is negafive e
Ip 26 1neafite , Hen e forumed veaction iy spontanegus, -

.|

| |p 06 @ zem , then the Sustem:is qf 000
—LEL Utﬂtw}uh’o ,

\ -
rlﬂm.’_ _-_-_F’-_“/

N D sp

s £ '
Exotheiinie encess 2 22 ASqirr 2o YAV O et eneB9W), |
e Lo s emperature (F) |

N ]

W =t
I = .
] i} T - ) -u-..__
i __/‘ |
- . —
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“There are four C—i . bonds 1n 4he molecule

LS_u_CLgsSlue breaiunq of the bonds qwes d’/»ppemnt e,mmaﬂ Py ch.cm_ag

cm(g)-p———a CHq(tﬂ + H(s) | AHa = + 29 k] mol"’

CH% [8) —> CHa (3) + H’(B) fﬂHJ = + 8% u‘Imﬂ["

“The en"l‘f\qlp\-t chana_o, fer o chemtcal neachon can be mlCula'Ftcf usmq

bond ohs.aouahon m’rﬁalples

Tt is 46o digperence between 'enermeS nequwec( 4+ break bonds and Hhat

released m'f&a_@e;mahonbf-mwoms .

At ZBE{T&MKP)--—{Z.EE-QFMM_BD ploft

SECOND LAW OF ‘THERMODYNAMICS

amshans rha ancwer under 4fus cb.scussfon

L Wlw o&aes a reachon pmceeﬁ as mn«H‘m machrfucd sfatenent ?

e HU\AF,Fa,r does 1he mach‘on qe? ;

3. W«haJ: factors 4 favour 5pon&mems cheﬁucal pmce,sses ‘?

| gpartous muc[h enerqy must: be Suppll

ec{ Ao, Jﬂve, a par‘f‘LCular reacdion

' B desired St rﬁca"xen'?

p— 3 _
s eACu +e.:p = kq)j .
N "'I" atea /\ -atm -
B ‘.Spon’fum.ous_ _ Not sw«_tqm_gs
—_— 1 6. i ; ho . I -
A : 015&%"\ 0,5q_£—m
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urtervention.

vessel A, bub

qo back to vesgel B .

i Below 'O'b’-'r'{‘n.o,'fr'eub,r‘s;’.‘?rbceés“fh éi‘:dnﬁdébhs[ \ . " é
I ) 2R iMAUeAATEY 3 WAL 334 a
i EN’FRO PY

M, £ atropy chnmes W &w suvrounolmqs are onmanlq cﬁta%ermmeoﬂ g ] °
H.u:.-, e vﬂ-ﬁlﬂ T TR "“'F': c
o, Eﬂ"hbpll (5\ W I'P,[C!.‘P:EDQ "JD 46@ c{eqme, of- rancfnmness ‘_[b 1SQLO &gﬁn?c{ 7

13 ad 'ﬂm me,tf o\/tsw‘saf,ﬁFmerqq YRPEY)

ol The é.munq force &wm&a en »Pnz hmnamtum u[; whmﬁq-%hg procp,s&

i, m"nq ‘Pt&CE. 't-_ ¥ -e." e roa el e '-?.

- AS swr = T .‘.i‘%_:—j- ‘—'—

,% Siqﬂ DP- ﬂ'Sﬁlfrr JQDU\CDQ on "H‘P. Ell.f@.C‘hOﬁ Dp heﬂf: (@CQM_____

“\hp, maqmd'ucﬁef aﬁ ASc.m- o\enenc].o on fempemture .

|

.L...Feﬁbhve’( T*-——

fg:f;;: Locre ﬁlrzvlt{e& Jl.(n:nnlcp\y‘ic\_‘_ Ciucm'h‘t\_ﬁ
Eﬂerqw W = entnpy. chen =

1 (leab).: Heo- mﬁ

l
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POIN'T-S To REMEMBER

Inan ex:o—}hermtc reaction , the enerqq mfmsecf as henl: comes ,me Jhe

|digrerence in fpo’cen'hal enerqtas bétiseon products and he reactants :

’ﬂm heat ,{:(ow into +he Surrouncfmqs (m rqul‘r:l 1p an evothérmic: Nnehon\

results £om a U’weﬂﬂﬂ of the ooﬁnﬁa[ energTeFfHue reaction sus'fern"’ﬂm. @
aluays holds druer ., " <t 2n9. _— | B

TIn anu exothermic reachon ,some o!E'H-le pu'fenthl enf.rqu s'hreJ wn +he

n.,

c&mtml laanols 1 bo.mj comJerfhch i 'H‘lel'ﬁlﬂl energy ( rancﬂom k:nehc energ ')

L]

via heat T I

enemq_uF«m\gugm‘_ o . p U

"ﬂm Law of CnnSeruahnn of Enenm 18 cqllec[—’rhe Fllﬂ; Laurolf 'T['-ermn—

o ldupamieg o e i e

: Law of. Censeruqhsn of Ene (_ rst laurcn: %em&qmmme) is
als ctated as follows ' ks

The emamq oP 'H"»e universe (8 eons%unt

The waternal enemq ( E\ of a sqs’fem us ere sum_of the Klﬂ@‘hc enegy

and potential enemu oF all.the parhc[es in the system.

%e»Inhrna[ Env_rau can. be. chanqed bu a Hourtﬂ! work , heat or both .

AE = 9 H W= wﬁuare, q, \rvea}: W = uwark._and AE:cl\nnqe. i

W +\\z,5us&am 5 m’ternal enemy.

sufmundinﬂs

> el o

- y A a0 ]

System i Sistem - b
AE 4 O AE > O
Exothermie Endethermic

I
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gumdinie (LM ey
out o
IF a sqs+em does work on the sun'aunc[ ‘SS ener Sg_jCLQU_JS,—F s{:m

uncl W s neqa.hde m{:u'ei-ﬂqs "
If- dhe Surrounqus do work on th %MM

osidt
emri dhe work r“ﬂ 0[0:“2;; i‘ m(kea@jﬂwort ,_@ﬂg&&

Tn 4his conversmn

q, and W re{—'lec{: what happens +» Hhe gystem.

ystem. . —————————
- |This meang Hm.{r ushien : Wiori- I8 fnena five , enerqy Mﬁ@ﬁem

Jland %erd—‘om b (o exothermte .

“When umrtt{uf) i ’gos:'hw(-m:)

rthen _energy -{'-[nu_rc. m'ha +he Susﬁm and -Hmefom bl encﬂaq”ﬂennw

JJ v
: {In 4he 'same 'Uem, when =g, s (=

ve), it c[eﬂo{es an- exodhermic reaction

whqrms when ‘1, s (-Hh’-) 12 c[emrhes an enclo-i-hmmc rench.eﬂ

:‘4& i

e .

Emmp[& > (alculate AE ,Ccrq,.Sus"rEm undarrmmq an enclaJrhermm
) - proCess n which 15 y k_ﬂ' of heat ﬁnws ancﬁ whe fe l g o

urnr& 1 dnn.e on rfﬁe sus'i'un

Qotubon D Use,rﬁxeequqhbn ! Al: = G],-{- S

+ 5. G ui\' bea:wo. 'H?\.a pmcess IS encfarmumm

q,.:
W=+l q-&ll' !oem.use, UdrK. L8 cﬂoﬂe.cn'l’f’w SqS'hem
AE = 15.6 «T + [;LI- kT ; \

ez s |2/
h

“The System has ﬁaingo[ 11.0 kT of gner%tal'.

o |One Joule ()

Kg-m

3T

Cne w[meule = 103 T.

CETo—r—

;
I —_
| S 5

! "

|

e
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“The work done by o gas ('Hnrouqh a‘npanswﬂ and he work done 4p a

qq&i’ﬂ-\muq\\ wmpmsswﬂ are +qpes of wbrie asSocmfhaof with chemical
£SSeS . .
When work 16 dene on a qas, I is called Cnmpre55mn )

Whea- work 1< dene bq r.L aas it ic called E;opqnswn

When a qas expands aqmnst an e¥terna( pressure, P, w isa neqahue

nuanhtu , Since Work ,F(ows out of the 5931‘2:11

Nhen a_gas 3 wmpressecf wiig a pcSI-hVe quarrh+q ,since work flows |

nto the sqs'hzm

W and AR P AV have oppb;l'f’e Siqng becauSe when. rf‘?uqas expanch

the chanqe, in: volume. ig pomtlve (+ M) worK £lous ouk of the 5qs+em

info the surmuno\mgs T neqqhue, (- w)

Remember 4 AV = »{-mql yolume — mtﬁjaf uoLume A %Al

€xump[a =D, Caleulafe the work assoclated with 4te expanswn of a

gas ,(:rom w6l o 64 L ab constunt presure of 15 .

SQolubon = For a gas ol constant pressure w=-PAV |, whew

P = §afm and BV = 6y4-46L = 18 1L.

W= —270 Leatm

0

Note & since Hhe gas ex| expands , it dloes wDrK on the 5“""“”"‘,‘"45'

ctonth

ene gy Ho ul'S aub of Hee gas , so wark (W) 18 a m.qa’rtw quamlnLq

N!“mu'

NoTE & P in POV always refers 4o he ewternal pressure aqalnS{:

which work s dene ot which does werk en -l'fuz gas mrH\.E_

or Hat resists

gtem the pressure Ahak causes a compression
sy —

m\ eX ﬂ‘BLOf\

o idedl qas, w
NOTE :for & olume , the pressure Lru:m_uses

of i ean only pccur uhen ks volume chanqes

Thus , i @ qas 12 heated abt constant v ,

| but no wprk ocaULS.

4_
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Scanned with CamScanner



* Various pbssdo\e combinations ef Y end A8 foro NDCBS%

Fe.suLhna clepmdmce o spontanel,tu en. tempera;ﬁure-

Case

=

AS ?esih‘ue'j bH'-nngaHm |

AS ne%a{fve} DH ;Iaasivﬁve

, -

= e

1 8S prsitive, D {Jssr'»i—ive; 2

i

- | AS nogadkive * Mt negcque

AR LT ERE NI AN ERR A EA A ‘e.:"' o

Spnn‘funeﬁud o:E alL WMF
___\

Process no?: Sgon'f:aﬂEOLU.’; G‘E%
(reuerse, pIOCEES £ sPan'EanEou,zs ﬂf“\

+Spontaneolis ab luqh ﬁm%ﬂﬁﬂ(@
exoﬁeﬂntm{:q D) JEIMWE'A.\ uni ﬂ@m\{)

spoﬁfane@wb a£ tnw*lumnerm{m&s (eluge
lu'f.‘u 1 d.ommaurd: \

et P,lOO’H:ler
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ELE C’TROCH EN“.S’I'RY

H "\

Aiwifay,

Elwﬁtchemwfﬂ-\ U the shiq GF enemy cﬁanqg& $om chmthJ enemy o
elecrtea| enerau or Wice UEESCL =il (i

Revistons of Rechm Reactions

'_"1.:'.".-'_. 2t :(! e 4

REDUCTION ' : ._OnIDATION

- aain ep electnnd - {oes of electons

~ qdirt ‘of hqdrnq'en Ao = T toleds o Mo[roqen

- Loss of quqen 3 € : - ﬂﬂu,n of anqqgn

= chrerma an omdm&on number — meme an omc{aﬂhsn numﬁoer

Ro.ummn cL Balancma Recﬁme Reac?fon@, ( r'zcné:\) bl-\ Iun -*E[emtmn medthod :

'Jl-

lmm ‘ necﬂex——nea on | macchc mech i'

w .
mne*m@ 1 Fe”.«-—-—;—’ MH”'”H; fe- ?Zq'\
8&5 1. Divide 4 reaction in ~usdhalg=reactions.

: " M0y (ag) —=> Mn *(ag) - (loss »£.04 -W&uw&bn‘)

Fe,z" (aq) —> Fe¥ ("“‘\ (’tnma.bemmdaﬁon NZ .oxidah‘onT
- st;;; 3 e e | 7 e
s Arendy baloneed 1.~ e o o D
i e e
T Malale) —— MnT) + w00 o

Fetl(m) — Fe ()
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1%

Step U . Polance kuAmqen log adding #* 1ons on cide with fower §
B ! = J -

Mne'( ) + Q) —— i aa) 4He 00

—

F eq_+ (%\ — FE.3+ CQ‘!’)

6‘\:@0 5. Halance dhe c\namexs bu. aclcllnq olocthrong on rHa(L didg.wH{i hlﬂm

c\mm‘e

NnDy (aq,) + ‘QHWQQD + S5e- —> Mn +('aq;') -+ LF-HQ.O 0')
Fo 2T (aa) - > Feg’fraqa + .e7

‘ &ep 6 E)alance%e number of e[em'mns bemo aame&‘ ancﬂ lost .

Mnf)u(qq,) + QH*(qq\ + Se” —> fﬂn%(t&) -H{—H?.DCU
[ Fe¥(q) — Felt4 e |x5" |-

S5Fe % (ag) ——> SFe® + Ge-,

M0 (aq) 'f'"EH*(‘“I) + Se” —> Mn 2+qu)'..—{-, 44, O(1).

Step . Combine he haill- reacflons -

4

g FINAL q

]' fﬂnU ufftq\'ng‘LfaqHS/e + SFe T(o.q) — N\n +(%) + 4Ho O(0.45Fe (aq)+5€

Eﬂmmﬂf M“O f‘*@ t KH’T%) + SFe" («0 — Mo’ qu,) + Lm.,_om—r EFeg*GJ,

Clue :—:"E’C

Balance %me reaction a3 \n acidie m

In
¢ b0 balanco.ln_bste media el §irst and Hhen odd 6*EPH

e@m BALANCE THE SAME REACTION IN BASIC MEDZA,

________________

_—

) .

: B Fp 1 i) S iR
Mn O (ag) + SFe™(ag) + 8H _;f‘\a)‘ > N\nﬁ}g) "‘ SFe *laq) + 4‘H2_OG

___--'/
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Eda b

Step 8. Aclcq OH~ dons eaua['to-Hae numbers of H"r ions on beth sidsy.

wr-'"-'_i

fe=— mn04rqq3 + 5F€2+(qq') i 3F|+rq$89Hrm\ —*’m +5Fe?t+ 4H.0+ 8DH -
[ mn 0, mﬂ + SFe 2*@:,) + QH{O(L) —s. mmm+ SFe e -+ tHAD + 8
+FNAC

_{ERUATION 4

MnO u(acﬂ + 5Fe27ﬂ€) + 4H.0() — Mn rmzl' 5F€3rcm ~+ 80H (ag)

ELECTROCHEMICAL CELLS .

Enemu dmnqes Lo chemical aﬂer‘qu. o elecdrical enemu or vice versa.

Brmg about tovenkions for adu&q auch ax eleuhochemlmt cells.

‘ﬂ\ere are twd tupes of eolls dhat will be wnsrdemcf

m GALV AN"fC "CELLS

" (#) ELECTROLYTIC 1CELLS R

Galvanic cells chanae, chemieal enery to_elecdrical energy .

Elac!meu—hc calLs channe elec}ncal enerqq 1p ckgmecqt enemq

Y ]

- & i ) n] sl
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,@5 GALVANIC CELLS T T

‘c.urrent that can e usncf 4o do work -

1A Gavanic cell 1& defined as a device &Mneou; C:e&m:ca(
reackion (redox reachm\ qanera%es an electrie current that ean beus o douyy

— electon N
> Ve SR SELGESEEELELS
- ve
€4 BT B
Satt
KLl —
~ ? h r
v poedetve) LA ™5 HUEE - Cathede (+ve)”
- AT WS LD L B e duadr b
e N |
D'K{Dlo:Hnn g ReclucHBﬁ ej JAAR ()
SFe?t —» SFet 4 Se” .  Ma0y 4 Set+ gt —> MA®!

1. | Oxidatsn aanRduchnn ~CenChoNg cccurmq n So,pqraﬁe csrnponents
Ir-_vae reachons eccur tn the Same cornpcxr{:mm{: ,No amount- of mear%f’il
current can be %emzrn,h&

™~

The contentradions of Hhe re_qc:{—ani:s \n_each compar’cmenl: musk Ioe at
standard  econditions : 1m\/1. 25°C zing) 1 otm |

__—___'_’__.4‘

LQ. }Cnnnec’cmq wife
\(“\p, o _compartments must be toanected by a

: wite though which
“lel.edmns will flow fom the reducing agent- L oxidatien mactwn\ to the -
/ ond\smg__amt ( reduchen reaction )

|
|

-
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Electrodes

Tuso "electrodes uged in quluanlc celis are. (1) the. Anode and () the -

Cothode.

The anode (8 +he electode at w&uck exlclahon JoKes Place (his is Hw

mper de;:_nt'hon) The anode tn qalmnlc cellg 18 neqa‘h u'elq charjed

'n’uz ca+hode © fH'm elechode ‘at uﬁfuck reduction hKes place [Hhis i the

proper cﬁeﬁmhon\ The ‘cathede in adlvantc cells s posmveb.q rharqeaf

Do net degine the arede and cathode in ferms of Charqas lr B

The noture of the eletndes mn be either active er inert .

Salt Bradae or Porous)Dick. . =l

1 :
A< elechons are Ln.aumq the anede +he solution 1n wFqu\ t# is immersed

becomnes more  and. more. posmue A Salt Ianc[qe fmade up . pnsmw%_
and nma’mvatu charqecl wns] will et provide neqa’auelq chqmeaf ng

- prder to ueuhn&&e. -Hu nosthue chqrqe that low.t:{% up, .-

Buk as electens enter 'H‘m. cathede o solufion around. LI:' becomes more

andl more neqative: The .Sal{--—bﬂdqa ‘will prbUt&e wsoh veh-l-chqrqecf

wns 1o ﬁusgmadmmtm gn:{ertb n.euhnu':‘.e Ahe neqa.hue clmrqe -I:haf

s buld v,

Witheut -Hru salt bnc[qe ,the -F[ouraF elechans would shpe.

\Uoltmetere

ou can connect a veltmeter 1o & qalvumc cell So a5 t» meagure ”r‘u.- 3

amount of Uone or_elechnc (:urrent qenemtec[ by y the flourof elecfrans.

You can also connect a light bully that lights up when dhere is tFlewo,*:

eurfenk . : I —

| Tn a Galvanic cell , the qopromiaie unmch'nq 1ons_are called Counterions

'ﬂ'leq are muallq -oltsenf o loa[ante Ahe ann;e - =

For a Galua.mc cell he eell pﬁ\'en'l'tctn 13 aLwMG mosvhve

L - ok et
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ELECTRODE POTENTIAL —

+

e e i

| Elecfrode po+en41al 1 the voHaqe \oe{-ween an Elecﬁb

de anc' -H\e SDMD’)

for elechnlg'}e) in which ik 1 fmmersed . -

The ansde has dn oxidation: pn+en'fm| +hat ariseS d,ue "D ’ﬂ“ °F Glﬂcfron

|The cathode has a reduckon® ~potential whith arises due 1o ga mgg

electons : Since elechrons. [oss ( oxidation} (s 0 _F_oS‘th to red ( ’

|op etecfmﬂ.s) onlq the recluchen pm"e

'al 18 necessary to me: meag_re

Thus somefines: dlechrede ootenha[ and reduchon potential are uxfi s
interchan qeq\o\q . Lo N
REDU CTT.ON PDT ENI‘TIAL/H .'.-., T 2L ‘; ~'__-

15'*

- ’ﬂu reduchion pchnhal Measures hm easily a subg’ranoe qe%s ‘reduced.

[Tn other worda, ‘b oneasured che! abx[tfu of o. aibsiance to accep‘t oleetmn

“The htqhex dhe- reduchion pobenha( Jr’ne more énm[q +he elemeht qekﬂduad

" |Honce. dhe bekter dhe dloment 18 an onid sing qqonl: The. |owet e feduetd

- | pmnhq[ #he hacdes b (& dD; ceduce the: elmnmf:. Henae +the bebter~the

; ‘-rduanqaqml: i, . o g Ve

1 L]
w mlool
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2 7Y
| The hlqlmzr the reducfion potenhql E\ +he more eathq the element

qels rec(ucec{ Thuis 4ts bebtor Hhe omc(lslnq aqml:
The wer Hhe reduchon pbtential , the more clﬁFtcu(b At s 4o reduce

(but_oxidlises Eugltq\ ’H\ere.liore He better 1k S ag a reducmq aqent

Standard qufoqen Electode (S H. E)

The reduction po*tenhal of hucll‘éqen under standard conditions (15 c

1 atm , 1 maUL H) l\as been measured o be 0.000V and 1%
Cefecred 1o as -the standard hqclmqen elechon.

Smce ks reduchion po’ren'hal*a%: s+anc{arc{ cond hions © the sqmlool is E

: "\9- hﬂ: 15‘(.) —_—>

klt._""a

p\c\h num

e
3 --:}"'" e let*h”b d.ﬂ

TS g UL #t, 9s0c \oim L
. Sbl,uhan :

The teachen Jrquinj p[qce W S.HCE (g Siwn Yoeloiwr: i o s

AHT(q) + 0 — | Hy (9)

’ﬂxere,Fore Ec . = 0.000V, "The electode uged: wn +he S H, E ls ﬂlcd

u}hneh & an nerE elo_o{mdo_ Tnert elechvdes are used whene-no solmls m mwl

n He renchion . Anq meda! connected 4o S-W.E -will yeeleet the récfuoh

0( thet rmetal f PTDUICEEOQ the SHE s pu{:- at the qnodew)

‘Scanned by CamScanner



[0

v

i Stondard  Reduchion Potentials (

E°)

’“ILS_Q_CM reduchon po-‘anna[s measured under andard conar Hons .

______\\/

b E o
HML Ealuos are glorb.mgct usw\q Abe S HE_because you cennob gev E gev Eo

v

Lan elemenk on iks oum., ’ﬂmufore S H.E s he referrence @'ﬂffgagu\/

£° values. e
.
- - 0FV L
] ™ .
—=>[ J é&m\&%\ F
. | -ﬂ-’;*——jl i‘/f’/ J\‘ _____r
| - |
L ‘iﬁ” iLJf ﬁ*’_’“‘:‘"rj .y
\‘_'.‘. S Y ; - - 'if .
\' - r"t I I ¥__# - - m  . (S) meml__ﬁ
\* -7 - 7 \ S electrade L
| i \ \ (cathede) !
1' platinum AM Hel . |
! e}iﬁgfg Zinc Su@phate L
i T solution IL.
| j
| Similar arrangements were made for all_other elements, S 4
Table of Standard  Electnde Pcrfer\ﬁal‘_s. (E“) , ___;
Reaction - owneie s £e
gL{’*(an il e —> 11 (S) -3.02 v 4

(KT (aa) + e —> K (5 -2.92V | Petiucmq__f
| 20 (1) + Q™. —> 2a(9) - 0.%6V ' “%mbi__;ﬁ_ﬂ
S DY QU (ag) + Qe i H, (5) 0.00 V B

o ey (aa) A QT ""Z’T-*”>"-""@'4_(%)""7 b 0.3 ¥ ; Bc’?isrn

A%*(ﬂ‘i} "i"_ R = 7 A3 () ik D 80 V- J-b?;_%q‘ﬂté_

( appn ot 4n 3 S S wt h ""-". ‘ iy A _

Vi

| Sc-:lanneld By-Can‘fS.(;anner.



Combintng HalF - Cells

, J
You can cembine oo halp cells f» make a complete qq\\Jantc cell,

also known as.a Voltaie cell .

Coll_Potential (Ecor)

Cell prrfenha.l 1$ the ¢ pull' or drmunq force on—}he. electrons. Tt i€ also calle,
Hhe Eled:l‘bmo'hl Ve Forcp, (E. M. F) 10;

Uncler S-I'andara conc“"rions, [ —Ca[[e'cr -S”}anc{arc{i Cell Poﬁﬂffq{ (Ecce{!_)_

| .Eore” Eocq‘]'hnc‘e = anr;ccle -. % .4 i
B e ey, (rec{uc'hon\ (r'ec{uthqn\ \.
' e ?crhmtml ?otenhsxl
NOTE ;| Since 4he number of electrons lost: miist equalirthe: num(aer qamecf

the halp - reachions must ke mu[-hplaecp 'oq m'heqeré as necessam £

achieve he balanced eq uadion. HDNEVEB the vatue of £°: no‘L‘

,chanqe:f when a_half- reac'hon 13 mulhphed bq an m-teqer'

| Since o standard teduction: po{:enha.l s an! " ntensive, vroper-h{ut cb

not clemnoﬂ on_how Many 'hmes-H-uz reachion occurs\ Fhe .-pu’fm'ﬁaf )

not mulhpltecﬂ bq ':Pne, wh:_qer requlreo[:.-fb loa[ance e celf red edien. .

= | 1 r !“"I;.:‘.‘-’ J IO it 2 ‘r:

A GhL\JANIC, CELL 13 FULL‘f DESCRIBED.(BY: ThHE. Foa_u;wmq FouR TTEN

4- [ ‘ ’ |
TS il o eih Ty &

'nw_ Ce“ pohnha[ fqhums

rposrh\@ and. the lna-‘t':!.ncw[ eel\ »reqehon

2.5 The direcHon of electron Altour oltained by examining--the rhaif' ,ﬁ ong
anc‘. u,smq Ahe &lrechon rl+1a.'t1qlu% CL@OSH‘WQ cel\ pD#Eﬂ'Hart 354 .‘%* i ¥ '.
3. DQStqnaJhon of Ahe anode andl icdhode (a clmqfum ‘may: hjfﬂw
4, |The f\ni:ure . of each elocdrde and dfhe tond O\'E&Eﬂt n m‘f}’\ Cb“F"*‘m"'t
A chemically wnert conduetor i3 requu&i ap none ac-\%fsubeﬁanm Aakin
= puﬁ: n rlh\l;}ml,c heachon wa Concﬂuchnq Soh.a”a. bne:r_loff_affwn mqufw!p
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[66 i
e+ Describe. completely he galvanic coll kosed on the following halg - teaction ™"
1 x/
lunder Srh,ndﬂtrﬂ oonouhona ! —
Aot + e~ —= Aq €z 0.80 wolts , equaﬁm]
(Tt o > e £ 01h wls, eqalin g
Anawer 3| Since a pcsmoe cell pm‘enhaf 18 requtreot equation 2 must m
feverse, i P
| 2+ e — R?t €°= 0,77 wolt T
Fe?* S Fe*'4 o == ~0.77 vol¢

______'_"—-—‘_:L.-

“The cell reaction © @ Aq'*-'f-e. -+ g — Aq+ Fe®f+e~

Aqrmer“? \+¢ >Aqm+Fe (=) +e/ ’
Aq’r(qq,w Feﬁ(qq) —_ chm Fe.“raq,)

- Hhﬂ cell fﬁeﬁﬁal L"i: Ean= Comade = Bgidesitt 5017

f_ D R A P -EOC@[[..-:' :O'.-.'-03.vol{:' o ol dh guzr r
_:aP E(ec»frm& wi i »F[ﬁu.) +n:m ere cm\par%mm{: c:on'tmmnq Fp. -to‘-\he tnmpﬂf*"ﬂﬂf
!' Confmnmq Aq'i' SN DT b 29005 pEmy !\J 7 |

Lk Dxidation’ ocriarE 4n Camparfm&n{: mn’cmmm Fe hence -Hm compar{'meﬂ’f nt |

,;unch ons as the anede . Rec\uuhon oCours T)n "fho_ cgment cgn{amug,L
Aot p 50 dhis egmpartinent qunchons. as:Ahe: catisde ¢

b The

PR o)

electrode n A Mf Ao compartment s silver me.tzvxl ancl_aﬂ_L‘“‘l{-

I

=

conductor “Such ag - ?[q{mum« r:Jm-\: lae wzed n Abhe Fe?t [ Fe3t cmparln’wﬂf 2

JAp‘arOPnaEE counterions o assumed| ‘D e oresent . "ﬂ\e um,_ no{a.ﬁcﬂgq“r ,
As

u‘w"‘-“ cell 3 P":D_l Fe’ qu"j 5 Fe? (nn,ﬂ @‘) ‘ Aq (5) L
l"ﬂ'\e cltaqmm Iior"\*ma ‘cell u; \g}wmn be[o - it B
ol R 3 2. s o e e s
! ' ; b ‘ = - e-' ARSI T BRI My
Yandl ‘-"f“'"";.." ' e AU LAE LR X 1 ‘L oA A IR
. . ; _'- L g LTS o MR 1______,_..-"
1 ] H‘H A RN - Pbra'_i“i_’qi’ :'e:i'.';_f--_'-- 7 ";:r“ 1’1 i"' , 5; \” L
] L } . e S
, - L — . B
| ag\‘_f:w | 1MA3 b T e e R
| anod e o et A i g m-tg,,&,_ Fle Tt S BT T T
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|
|

and ﬁ({s} ﬂim +he .5+anclarcl

-/

@u.a,l }Ccns’ifucjc 5 m\vamc cell using mq“
)

—e——

| olechocle Peteﬂhct(s below :

e

AL3T4 3¢

.‘_—-——h: A[ (s)

> - 1.66 vy

ﬂb_qagq—v g

Mq2t+ e~ ——
J

MQ(S)
U

4 Step *

ak the catlied e -

Determine.  whiel reach‘ons oecurs ctt%’\z'amc[e and which oo eecurs

| Remeniboer.s The. s’randarc[ w6 se’c&nq up @ Galvama cell 15 I:;q

ensurmq {&akﬁﬁamde 18 af.ww-\e, on he Le,c'k

-

| Siace, ﬂ'laqnesmm ch[mn hms e Lewqr e(ecfrccfo. po’cmhaf LE'S"\QH

"o on 46; sanaile: (—ve), usherens Afe Alaminium’ elichion fries placeg

af e milode ("f*ue\ Te Hus 8 so, 4he rachon for maqneStum wil]

be dmnqeo\ as we(Ltqa-’rh&an of ks cell wtaanLf reJu,ch

<}

_— E = ‘-—.'Z-sz-v

Q(‘m:f}'—i— Q-e T—-__- mq (5}

© El= -J(—.:'ZJS?}) v

mqu g_—é mq“(m % Qe

A
R

L R0 3T,

(ﬁmegore , e have :

‘Pll. f,.m\ ¥, de”

ﬁ ALE: Yungd wik y == .66V

Mal) =—— Mg’(ag) -+ e

DL E® = i3V

Kere we chall new lalance e number of E[QOF;ms —fnr kot equa,&pns-

9 (AL Be” =2

Al )

—tt > €’ = QK—[G@V

3% (Mg = mq"*+ 2e’)

."'—"-'*‘>E°

2-.?(‘253-1)

PE + e~ =" ~2A L

T T2 E i e8082 Ve

A "';:-SMq SMS"* + b ———> E%= '_:};:_.1_\'1\;
= {Combini ng: Hhe Fwo . hafF cell reacheﬂe. we thave & s m'} 1 :.f;!-'.
; f-._-QA\'\J"‘."..rF Mgt ber =Y/~ .QA\ -+ 3mq?—i ol . ,,4'
" ._“_;.-:Jf 1 _.__; _'..”_-,_,__1‘_: |5 J; a7 1{1 _a h;
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(63 LINE NOTATIONS :.
| Catliod 4
'; . AMCLQ. 1 " < KY
_ Zn(s) 702 ae) g Cu2t (qq) G, o
[gﬁ.—bi 5 o - R " \ elechade
|p e - ““‘\-\J

|
!:Gxiven hat Zol) = Zn gyt e i O.i?'H‘\-L ancdle and- tmc[
iyt Qe” == Culs) & at the cathede.
_NOTE & The bresen’i'ahon of a reackion 1n line notation must nob be bam
i 'ra:H\er W sheuld be o simple as pessmble,

T
| Construct a qalvqmc cell of —Hu,&[lounnq twp reactions . ]
Qe+ Zn gy = Za (9). E"- —0-H6V =)
- Gua"@q\ + Qe = Cul(y) . = +. 0.34&1 s )
e | ' - o} ] ) : 2TE o
- ‘Cﬁ\mmnq ean HJ'H‘UJ.E LEL?:QP:"[’&Q cmeeﬁe LUCFEJ.UE;': 3 Sl Bl

E |oa o Znld = Za® 4c Qe - Ef = 0. 76y
i | &fus 15 berause Zn has’ o lover teduction= Eenbmf
| iWe. mantan Ahe seond equatien becouse IL- 1 ab 4fo cnthede:
| _

i Cu® + Qe” == Culs) :E° = 0.2V

! C&lm[q},iins' Ahe Reduchion - Potentialsep 4he Callt_'_";."ﬁh howe. *

_ 0. FC v v E—— o

| ‘ ' v 1. 1-0 | \l Y S o R -';: b 3 _

| % | OTHER-LINE NOTATIONS AR%\)EN BElOW:  n
o] clogen, 104, i) W), i oy i 1O
f ‘A“ the_components inwolved i the cedoxe txn alsove ‘are: 18 . Stice e UF'W%&
L rchsso\wa& lond o Sevve a8’ om eloctode a nonreacﬂnq ﬂnér-E\;mJuQ{Dr my
l | ]Ep_ meed . "ﬁm waual Cholee 18 ?‘Q’hnum ,
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Cell potential , electrical work and fleenergy. oy

E cell =

- W
9 |
when  wofK 18 neqa%we b means the work 18 per.FﬁrmecQ bjane[echa— |

chemical cell . Nlrum 4&@ Wwork 18 poSthe tt means e e[edmcﬁemtmf \

cell needs ewrk to be pe(?ormecﬂ on (k. e

Free enemy s s.lmpl.q —H'Lc amount of enermy available ?:odp_ﬁ_ (Ko i
Cha,nae m Jree energy = Ag ‘ L _.._’
C&a.nae n 5’mncﬂar& rF‘I’QQ. energy = AG_

AG® = ~nFoE° uskere n-= numloer of z[m‘rans F = -H~L

Famdam constant and E° cell = eqll potential s
The eauq,hon assumes a neqahue because e reaction mf{ﬂee[eofm-— o
cfrwmca,[ cell 18 not s.aon’caneeus ST : |

For sponfaneous reactions, E°= +, W = —[VE) and AG°= )

For_unspentaneeus racfions | E° = —(ve), W +(.W-) "mc{ A6°- =Hve)

EXARMPLE 3 .
Calewlate AG° and AE" for 4he ractions dhat pllow, tﬂlmnj‘l([u. )
euerall reaction anc@ s{nmnq ushethar it is spontanesus or nof .

L MnO" @q) + Se” + 3&* — Mn“(aq)+ 4420 s=15'
(M) CLO () + 2H* + 20~ == CLOj gy HHaO  E°= 109w

2 ¢ (M0 gla)d Sot BHF—= M) + 4He0)
5 X (cw.,, (o) + 20T +2e- = CLOS (mﬂ‘f‘H'JO)

OMnOu_+ 0+ [6H =— an’% g0 o
5010, + 208+ + IOe f— sam +SH.0

2l
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110 ] &
i) Ec{uahon 4} un\t be muerse& laQCcuASQ L'C has o lower fec[Ltch,

, Vden{wl

5 ‘ 5010, + Sk == S0 () + OH10
&m‘j *ﬁn {m etho—;l—; __ we_{maﬂbj Fmre |

- g,zmno q.(qu'i' D¢ + (64 + sclo (ag) +5Hzo = ant)q{mvf 2H10+5cm Hy

__*j‘_i_ance[ out ffe unker Abu elechons and +fe ﬁqcﬁmjen tsng_m

I
—

2Mn0; (ag) + 5CLO, (o) 64 = = am&*@)«- SCLO fm) + 3,
|

-

li AE o, = —1.1qv + 1.51 : ]
AE e = +0.22y o
AG® = -nFE"° ,
_AG” = -10 X 96,458 X 0.22 s,

AG" = - 308,359, .

“%%efefpm e rackion s SF_QMQQQDuS bmm_e AG® s noaabite.
| , - —

S—

,‘_‘__NDTPE' _A_Galvanic c?_\\ uns snon+anqous\q m the J.'.rec'hOﬂ fith:{: qweé
/ noslfhup. UQLLLBJDT i cgl]_( t:e\\ po’re,n'hq ).

__——'_'.‘

—

NOTE ! [The_work that can be acwmp\lsheci when o_(ec'h*ons. are_transferred: 'H"wjh
o_Wwife C.lgfjmc{& on the "nus " behind he elechons . Thic 'pusk' s e

%ermuc‘gmmm clnumg ,FDEQ nd-
| y-and dhis drivin _force Ler gme ) 6 de tﬂef{‘“
| p'Hw, Fo{ren’hn,[ difference (in volts® VbHS) betweon 4 'hxsbj Pomh 1 Ahe e cigut{' "

l A Volt refresents o Joule e_of borK _ ?er Co!dnn:do ) of chqrae f'mms erreal

l SR H-_.‘"-l/
f em £ = potential oh?(-‘er ence (V) = i’L(E)._ _*i/
| C[‘nrse () |
I |

|
_
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1/ {CONTINUATION OF ANSWER FOR GUESTION ONE FOUR PAGES BACK . ..
& Cdlcula%fng Fhe  cell Po’mn-l-iq\ , Eocell', we have

6) He eqhud.l{on . Ebce[l = Eocq{[wde = E?amde

() :}u&{? to @um up the two cell leenﬁa[s which will requite the te

_of the chcmgec[ reaction’s, \n this case that of matjnegfum s yalue of
cell Po’ceﬂh’a[l .

-
114 .

For (l) E°cq\\ = Eocc&&nc[a — Ebzmmfe.

Ecre{l = "‘3-3&"‘(" ?‘1“) e DI " O

E®cell = -32.20 4+ 3,1\ .

Elcell = 2.39 yolts <. -0 30 ,
Fer (ﬂ) ; - ' Eo-{or‘”qnosﬂe.-

+ E° gor cathede
= E° for electnchemicnl coll

) q_i ]T _UQ({-TS!"':':!_"‘".‘i B ":Tr.'! 1] y U:'Q_H.-S
Cen403(2 3082 ) welbs PR = 2029 7 ulds
+  3.79 wlk + 339 wik

_Note 4 | Work £low ng out of a System 18 indicated” by & minus &ign | w).
NoTE ¢ | Tn any rea,t,, spontanesus Qrocess some enemy m a_hmblg_ wasted — the

actual wprk realtzed::ta alwoys: less +han 4he ealeulated maximum.
The maximum’® eell potential is c[l'FeC'['["j related fo—lh_e__,[:_nee engfgg_dffff[fﬂ_fez_
betuweon the reactnnts and +he Pmducbs 1n the coll .

S AG* = —nF&€ vy, gy -
~NoTE ¢ LPQI‘*IC{L[QF armnﬂemen‘r of electrode ¢ _0f ~Zinc _q.f.;;{‘__ACopf!_:‘_r__(z!‘_ﬁl.QL)_{
——__|ond_ Solutons {Znsoq.,MA!C{LS_Q*;)_'&__@._[LQAJ_%Q- Daniell Coll. _‘_._W_,._.*_“;
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N | ‘
Que * Determine whedher a Pure ﬁolc[ umJ:cR wnll digsolve me
4 ,E-ofm a Au*t sclution. - —
Anst | Aug —> Auﬁ'::) + Qo~ £°'=1.50

> NO +2H:0 - .E°= 0.q0y
) T

_Augg i+ GHTGag) + NOG + 3™ —> AU*T + NO+ 2H204 30°

—=

AG® = -nFE° .
AG® =-3X96U45% X (0. scﬂ
DG®° = 156305, *

’Wm reachion is nok Spoﬂ’fﬂﬂesus herefore the qo[c[ watch vall nl J,IL

dtssolve
w o Prec\igl: whether He !‘eqcﬁ'an‘ belew g spontaneous or not. ___f
— Q) + Fe (9 —> Cuf) + Fo?* o) 1
hns Cq[cu[a_f:e AES, (_callj

2+ Pe—
CU. ( + QQ. = CLl (S) (m&ucu_ ED g nq_\]

v Fe (» il
f D —> F&J&_ﬁ@m C° = __,gq.le_

E° cll = 0 24 34 4 L@ M:\__‘—"__"

N\
\
re——rr

5 = 9 'gt_{’;' 0. 44 “'* *——————__.____#___,
_. R = - 0 10 \lol!: & .—;hvﬂ_““‘f———-__._,__I____‘_____r,_-..- - +
(ﬂmreg:ore the reaction is not ot _sportanedu s , e ——— r
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= POINTS To REMEMBER
mem\:er' Tn order for a cell reachien to tuke plqce spon'l'anewslq 5 tk is netessary
Hat He eell Pﬂtenha\ (EMF = elechometorie +erce) is_positive,

m—

¢ “The reaction 1n a qalvanic cell is aluraqs a redox reaction that can be
divided inte two ﬁalp cell reac‘aons

¢ The cell pc‘héﬂ‘h&l -{—er—Hw_ entice:cell 1 the Sum of +he o hal{-' 69[[
Poﬁn’nal&

* Tn order 4o determine evernl! ecli pof:enhals fom_halg- cell po{-gnha[s
the -Fo[[ommq Gibbs equatien is usea{ i, e

AG® = -z-F. €

where AQ” denetes Hhe c_l-nanq& . Standard -Gibb's energy while 2 denoke
dhe numloer of 'l‘ronsperrec[ e[er_hnns rFeerme, halF cell neachon

t

Free enerqu 1 Sqmbohzed ‘oq G anci defmecl ]oq the re[ahmslru,ra :

-

G = H=TS.  -wher H u+he en’thnl .._'T u+h:-hempemh
cmd S s ~|fm entmeq

o ’I'F\e muqm-l:ucie oF ASg &epencls ion the 'l:emperuiure
®* The sum of  ASsuc c&pencls on +he direction of —Hm heat ,flow‘.
* Nature tends to Seck +ha Lowest posible enemy.
it 3 -'ﬂ\e transper of a given-quantity of enemy_os hea{- preduces a much Srmfer‘ _
oermnt ehanqe in the ranc{omness of the surrouncfmgs at_a lew tempemture
- "%han l,f:cioes at a,ht.q\n tnmpem-tum Thus AScqur c‘leptﬂC{S CII.I‘EC'Hj
—— A quanhity of heat hnnsperr‘ec{ and muefsetq on temperatute.
—°  lread fHDtU (constant P) = chﬁnqe in erl’chcd.pq AH
-—-___Q_‘l§9f Cvﬂdvfwﬂs of constant 'fexnperu.l:um (m lxtl\nns) and pressare , - e

\@[L‘Jﬂﬂq rElﬂ.hensEu_p fFDf ASSurr hn[d& .

ASSHI‘T = -~ AH
srgn T !

. 1(]1\& e, L omaa L. vl A~ - m 1P . minkaan Aﬂ"mf .erﬂ}uﬂcc:"\qs- d
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L1

o The span’canu’cq of o jggce sS (8 o[nfermlﬂ@‘ﬁe *’Jﬂn‘%\l d“nje u jQltsdunas

1 Ahe ANIVEISQ .

. ’ﬂne term ASsue 18 tempemiure -c[epencﬂnn{:.
|
o For o proess that ecours at constant {empquum Fhe chame n Jmee%

LLJ

1(1\&) [ qwm by dhe equahon

AG = - TAS. Al quanh«hes here_refer to«thzsus‘fum

uEEE.

l -
3

M constant temperature . and pressure , the ASuniy (8 qwen by

-

! Asum'u = Ag_q{',r + AS.;,’,‘;

H+

NSy, = ~ 46

T

\4

=

« A process arried eut af cnstant ffe.nperafure ancﬂ prossure wtﬂ be
spon’rnnaous unl,h W AG s neqahue (—ve) !
. A PbCess ("l' "-"“WE Tand P) 1o Spenfanesus m%e direction tn vifuc[‘%

R

oo eneigy decreases (-AG means + AS,, o).

Tﬂ

o Standard free energy %e 10 free merqg_clbﬂf ““”

occur i 4he reac{ants i heir standard sh'f:es are mnwr-hdl i —Pne

|'uL dhoir standard Shites

[:Z
. fLo, Chatelier s ﬁfmCLF[E Suagests h ’ e o E

of _an increase in the Cbnﬁ’“mﬁoﬂ
'°‘: ohe of Ahe reactants u‘ﬁ"‘‘;mrtcchm‘_’:anmur:s +Hhe. ,ﬁrwu

*sm 6'2 “NFE" and G opre 7o v
anc G =-nfg. be’“
. -HFZ = "ﬂFE + R'T'In ’—-—_IA\@‘ AG '+ R‘T.Ing L\

'

[ v . & = -nFg° T
| St ATIag

B )

|
I
|

- [0
i
A
|
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CONCENTRATION CELLS

A cell i which both compar%ments have he same components [ou.t

at thFo.ro_nt COncen’rmEtons s called o Concenfration cell “The

Alpfereﬂte in_concentration 1s +he only factor that prbc[uces a cell

' po’cen"hq[ in this case and Hhe va[faq:& are jgpttqﬂq small .

A concentration cell Hhat containg o silver electrode and aquieoy S

stlver mirate In both Comparfzmen‘{:s Becauce *he r|qh£- Campar‘{‘an'{‘

corndaing 1M Aq and «Hva lept cempartment: con{’qms 0. 1N\ Aa?,

Yhere will be a c{mimq .L'orce -Jco +ransller elechrns (e )(Frorn the [éﬁ'f:

o Ahe nqi\{: Silver vmll e ol@poswec{ on he rfah't elec'fmde r\-hu.b

louering the concentraon op Aq* n +he fan: enmpar‘fmen% Tn the

Le(-k c‘E]mpareranl: Jhe stl,uer ele&fﬂ:c{e cltesolveé ( prac{ucmq Aq*wns\
o Tae '-H‘uz CDncan‘im'hon of Au+ 2 soludion. ~

“The Nernst Equqﬁon 5 q'iueﬂ loef,ow'

De = e°—~ 0058, 5. (fFor smdqmr fempemm)

n.
PPLWL t5—

where Q Concenha 'h?O[ I ,_ M 0 "‘5& s{cla[.uome_{nc coe,qqmen{-

[%qhégﬁﬂj Wt g OP the concenhrated 2olu 'hon ,and
ot N -u the shichismetric coeﬁ:rcrem‘:

of the dilute golution.

i — &

ﬂi‘ .

_@®s =5 - _RT Tn® (»For non-— s'luncfarrf -tempemwlure)

i

_P0+P.ﬂ+10.l before any current flow hag ocaurecl As Fhe_cell dischames _
and_oucrent F oS F"m ‘anode -Eo ccrﬁhncle the - concentradions will Ranje.
and. a3 a resu[l: el will chcumq ’ﬂ-ua cefl ‘poill: sPanhneouslj___
dlsc’"que wntil % reaches ethlonum ai‘u)!mc[« pum’l‘ & = K and 5@‘("0
K = 13 dhe eq’mh\anuw\ constaut. J
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/1/6 |

o *

A "dead” bQ"Hij__lS one 1n ujmc‘»\ wa Ceu reaction hae reached uly

and fhere iy no longec any chem chemical driving force v push. elemm

e wire, —

~ NOTE ¢

At gqu[h'bl‘lum e comroﬂe“‘t" ln’Hn.e Awo C‘Eu compar{-menh hoye:

sume,{;m enemy a,nc[ AG =0 _for A cell reaction at eq,ulubrmm

concunhnfhon& T telL no [cnaer has the aia‘.hhj 4o de wore .

NOTE © |

For & Teachon \oe‘.our,. Q vl loe %iwn ad .

aA+bBteC —> JID+eE+9G

. where gmall lobters GI!I

et ETTES e
§ = L Preducts | = [Db] [E-l LG]S . ghoichiometric coefficientsef4

T [ reactants] Cal° (8] *[e : c substonces and Blﬂdt(fﬂ?il

letters for thaie concentrativi

CALCULA'TIDN OF EQUILIBRIUM CONSTANTS FOR REDOX REACTION

(“\2 quantitative v'elwhonshlp between &° and AR® alloug mjcuhhnﬂ-

10('- mulhhnum eonstants

_for_led: reclmq @ eactions . Fora-cell at eqm[;!@.ﬂ".:

; -Ecell'-o qnc‘QzK

; A??\ ing_Hhese condvhens v -Hu_ Nm‘n%t equﬂ'{\.O(\- VH_II'J_ o_[— 25021

& = &° - 054q]

. u’&ﬁe)\

! \ By

'I_ﬂi‘-'ﬁb 0 = € _ 0, osq'l (‘) ___________ -

—_—

- %uﬁ___n_g:

e ot 3 (mease).

_ROTEAND = =

 REMENBER? The con gm+rq419ns 0
. |'H‘te exFresslon ML_

]

P oty s e

—— e T
—_— | Y

A
——
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(Batteries | .
A |oq-Her3 1S a qalvanic cell or , more commohly , a SQU")__QF__%Q"U__B{\'[(_ |

cells wnnecfpc(d'm SefieS, where +he cffea?’r'la[s-) of the individual cells
!ac\.i up 4o '%iue +he Avtal locr}'ferj ?c'fenﬂa,[’.

|

| THE LEAD STORAGE BATTERY

1]

o [T dupe of battery can funchion for s:zueml’--gears under temperature |
lextremnes fren =~ 30°F e 120°F .
. |In this battery, Leucl ‘serves as the ancde and lead coated undle
: lead dioxide “serves as the cathode .
.+ |Bcth elechredes cl{{:' into an eleectrs ljte, Solution ef Sulphuric-qcfc{i
 The_redctions ak +he electodes ar given below: .

Aude : . Pbi+ HSD, ——> PS04 + g6~

Cothode = PbO; + HS0g + ZH*+ 24 — PbSO st 24,0
l . - - - Ll Grate < o o _.,. e - .
- |cell reaction 3 Plofs) + Plo0, ($) + 2 *aq) +2H S0 fag) —2 2PbS0,I9)+2H- O

I Sul?ln.uru’c acid = HaS0y (a9) |
| : i -
o Tn this coll reaction, sulphuric acid 13 eonsumed as the Lattery
id{Sthqrges- This lowers he 'c{ehsf'fg OE-“'H\Q e[ec}r‘ofj*f‘e Soluhion .J
o+ The solid lead -Sulf-hq’ée Fhemed w dhe cell renchon dur:'ns__g’g)_gba[‘ e
\lﬂﬂ.ﬁ&s (\Of 5ﬁcKS) h the arid surfaces of Ao e[e_chbc{na_-ﬂfm_éa!irﬂ_,_
ii& recharge:l by forcing curre;%t er_n-uﬂla - &mﬂioppﬁjﬁ_ﬂi&ﬂm_@_.
reerse the eoll renchion, _ T S
HL_}_(ﬂxe Lead shoroge boftery 1 recharaealole. The LagHE!g_'l_SJ_P_tha[_g?‘L-L’:‘i
HH‘,I__'OL process of glggira[qs'ts ;hen an ox'l\:ernal uolgﬁe #ﬁgppﬁﬁ_aﬁﬂwﬂi@

%Mﬁel.'ﬂ\e everall of_-the e_lec_hjgb:\}s_'@;@a'ﬁoh b enac_‘f_t:»j_i“'ﬁ_.qoflf’_sig

——— 1o e ormal cell reaction. —

o - |
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[/%  SPORTANEITY OF REDOX REACTIONS
* Chemicql merzjg © g;ﬂ_er'hc\ 1o electrical enefdy . Electrical E.nelj:l‘ |,r\
Az case 18 dhe pfbduc% of the emf of the cef[ qncl +he 4otal elec+r:cal
tho.rqe fm Cnutomtoa\ +hat paSes rHvrauqlA Fhe cell
' Eledﬂcal enegy = volks X toufnmiag
= jouley
(ﬂu fotal chqrqe 1 determined by the number of- moles of- electong L)
_ <Hmk pass waounk He cirouwit . 5\4 depinifion :
L oal charge = nF uhere F s faraday constesct (46485 gl
| “and N e aumber o moled ¢f electong
| ewchanqecl betaieen fhe reafucmq aqen£ and rﬂw
i  oidi zmq agmf n Hho weraﬂf{ r&im
* | The meagured emf & the maximum uo('fuqe fhat Hte cell cam ac&eve"&
maJu.c s tused b caleulate He mayimum omount of eleofrreal Wmud»’m}
mn be olrtained Arom Abe chemical reachon. “This w e enerau Hhak i P uae
{'0 do eiwfncaquru ('UOJJ Lo remember  Work = cﬁarqe X: ‘vbﬂnqe
p ey = W |
" Wmax = =nF Ecell = Wa‘g =t=n FEQH
The neqa-hue smn on dbe nqht hand - side op the equahion indicates that H.
Tigloctnical work "ls dene enhe énvienment or almsunqus by <the systen.
__‘“\E standard free —enerqy chanqe_ AG® for q reachon 18 ma.%gd_ b ks
¢ lequilibrium constant as fFoMpms : 7
AG® = - RT InK |
AGO = T nF E:-_eu
~nFE = ~RTInK N
o R '8;&[( = —-RTInk .. - - | ' .
%;?[: e - : -nF . vt K o
Al ) Ecetl = -R":I" ‘Jl'_.‘ K whee R = 8.31f+5 :l'mol'K'?___,
n

. len Lku.s afshnﬁad demperabure 95° C(Q‘i‘& !Sk) Ece\l laecomab

\¥.

%_ga 0,025?-\1 %-;'_ . ’

=~

I
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LT

A Bqﬁerﬂ is an_electrochemica( cell, or a_Serieg of_combined electro ~
chemical cells , that ean be used as a soume of direct electric eusrent
ab a constant vpltaqe.

THE DRY CELL BATTERY (THE LE CLANCHE cELL)
The vol'baﬁe ?mc{,uceof foj a olrg cell W about 1.5 V. The ano_c[gﬁof’-_
_q_drﬂ cell_consists of a zinc can or container that i tn contard wit,
manganete dioxide (MnDz) and an elec’m(j%@. The_electnlyte tensists
Of ammonium chloride and 2ine chleride in wnter , o which starch is
added 45 dhicken the soluhon o a pastelike eonsistency g0 Hhat W 0
less Liue[g Ao lear, A carbon (! clj rod_serves as he cdthede , whick
s wnmersed an 4he e[ednbj'fe in the conter of the cell,

The reachons in the cell are aJsQFo[(ouTG:

"1

Anode ¢ Zn ()

> Zn%(aq) + 2e-

Catlode = 2NHY (aq) +2M00,(8) + 2e™—> Mn, 0,(8) + NH,fag) - HaO(L)

CORROSION
* |Corsion can be viewed as he prcess of felurning metals fp Hheir mbuml
etote — He oms fom which they were oriqinally obtained .

o |Corrosion wnwolves oxidation of Hhe metal” Mekals corrade because they
oxicise_eqsily. However, there are metals such as copper, Solcl Stiver
and latinum _that are relatively diggleult to oxidize . fesa are often
called  Noble metals. ]
Metals are easily oxidized because ~hey have lower reduction F}‘_ﬁ?_ﬁﬂﬁfsf'
ot standard _states. i |
ﬁ___'ﬁOxiola{fon of most mefals is spontfaneous , _135 OXygen. . .
Whea mest metals are oxidized , they oleue['mp_a Ahin oxide ceating;
—_ |which dends 4y protect 4heir wnternal zfé}&m; c{fomsva(]afgst {ﬁl[_{hrrm‘itﬂ!m};
— e CoPlpe-r forms ah external laj@r of qrt’oni;h copper carbonate aalled _ﬁiﬁ_f_l_f}_
—* | “The cofosion of ifen 18 an eloc*h%chpmicaljeae'ﬁan instead Dll_[.’_‘-’_‘f_ﬂﬂ_&.._
—__|direct exidafion precess . ' '
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CORROSLON OF TRON

[ 20 - e
~nek corresive DRI S
0, + 4H* + 9¢ - 1.23 Volts _ |
__ceffesive .
A r?::ci'- SN ,rust' : ' —
. ; / R\ ""’  cathede
Lanede IRy %E‘JW* 02+ H,0 +le~ —940H-
n’.ﬂxcn ‘ \_;:_;:: = \
L _———%\ S N Ca“:::(h(, areq I
Fe(s) = Fe"++2e \irn ({63(\\'&3
o~ . —Itfmﬂj-l—‘l‘tt : . —_

—_—

\N‘mn "l'hej l‘mc{ Fe2++ 01 + 44,0 -f”(q-'l"Zn) —>2Fe,0; «nHh,0

R = ms{:/

.bfcc( hns Q m‘.nuchr‘m Surface because the chemiaal compogmgr\ 5 not
rmmplc{-c[j _hemegeneus . Phusical stmins (eave strees pints in the metal.
These, nonumf_mtlgs _ause aeas where 4he iren ig more eaabq oxidized.
U iThese areas are called Ancdic rcqwns.

. L II?J;: g‘i;ﬂ“{lc FESLDFZ each; r'cg2 cficri c§ws up 4uo elechons 4o form the

I(ﬁwe_ehzcﬁtns Ahat are released fﬂnm 'H1+ ere S‘Eeel .05 they AD'U“RL’ﬂh

,Hk wire of a Galvanic cell | 4e o catheclic reqion wherg  +he ﬂ;ud: with
,oxuqen' O, + 2H.0 + o —> 40K~ :

. ’ﬁxe Fe* 1cns J{t(m&t‘l af 4he ancdic areag travel o 4he ca’choclf.c areal
rPnrmqh e moLshue e 4he Surmace of 4he steel mg{; as

a scz(~L bnéqe in_a_(alvanic cel\ s

= %1 Tndhe caltndlio regions Fe™ ions react with oxygen 1o form- rusi' .
mhuh 1S hudm’cec{ 1000 llﬂ oxicde of variable CgmpDSI'hUﬂ- F:ﬁ

.*

10 drave( theuy
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]
Mass 300 wank = mols of metal — moles of- electrong — Chﬂfg;ﬂlt
-_a@gl.kc_lﬁﬂ
1.Que ' Caleulate 4he mase Qfﬂpwﬂi_cme_dep;s&g_é;{%
o the cathode by_a current of 1OamPs for_30 minutes ?
Determine the amount of c.haﬁe carried blj"l’h@__c_[,_l_flé_ﬂt.___:_ B
1 amp = 1coulomlo/sec o
Q@ =1t -
® = 10x% 30%60
@ = 18000 ¢
1F = 96 ugs cou[amL’/lee of e
96 485 coulombs = 1 mol of e~ -
18 800  ceulombs = ——
o = 18000 _ 0.1865574.96 mels-of e~
q64¥5 T
__Now copper lquims onl_ﬂﬁfl moles of_olechans ";l[; unltYmm{C‘"
83.553 oF*_e[Qmentg_t[ 30““ Lo T U S
_ﬁ____(;uﬁ 4+ QeT—> Cul®
. Qe —> 63.8559fmel
How abeut  0.187F s, S (RN
MTherefoce, 2% = 6355x 008%
e - nasws
. 2 1 I I NPT L U S
e o= 5-94 g will be deposied ontefie arfled
. F ”
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[~ Speul
ﬁ?‘}oﬁ The deqree of hudm’non of the won exide afrects +he color of the rust
which maq vary JHDm lack t yellow o the fami iar reddich brown
| fﬂmgfure has loe preben’c 1o act as a kind of salt bnc[qe betweon
anodic and cathedic remens
o Steel does not rusk - "h cqu air.
o Salt accdﬁraﬁes rushnq
_Chleride tons also accelemtbe rusting by ,Formmq very shable complex
C Iwns with Fe?* and this factor dends to gn;‘_oumqe —Pruz chssolumq o(i-{-Pm

L Iu’on.

T o
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e CHEMICAL KINETICS

* The ara of Cfxgmis‘h”ﬂ fhat 18 _mnci;gé& wiAh Ao -SPPFCPS , 0 @des | o

reachipns is alled chemical Kinetics .

Ik relates how quiﬂk[ﬁ_a medicine 8 able fo LLSDFK__,rfor emmple, and "e,!
;0&50 can relate to whether the focm_(lﬁpﬁ and deﬁfﬁﬁon of 0Z0ne 1n A,
Lupper a,{mosPhere are 1 balance ,and fv industrial challenaezs &ich ay

1

™ develppment ef catalysts o qun-thcs_i_?e new maberialo. =
» Reachions involue Fhe breakir_l_ﬂ and {ggm_ini DF__sll_Jﬂifz_4 ~he. Ls[:_ged\s of e

ceachions c{epend on e nafure of Hu peactants themselves.

¢ Roactonts must ceme together to rpact . The mere rtqdihj__m_p_.la.cqlgg
collide untfs eacl offier | 4he more m?iglgﬂ_ﬂy%_@_gt - Nost machong wy

censider are lnomegmeus invalving eiﬁxér‘%ases or UPIL'LC[ solutions

o Mest chemical rachons Pmcee({' faster 'lf e Coﬂce_ﬂ_f'l_’t_lﬁp‘_& o‘ane =

":‘i:."-*‘_!more of the reactants U ‘ncreased . For example steb( wml b_urns W,
I-d,i‘FEi.CLLU-LJ 11] er whicl\ Coﬂﬁl‘m& onh{ aJaDth 21 7b 034 bu,{_ __LJUIE{TS ‘mfb
" a brlliant flame (n pure txygen . N AL

‘.‘Caf:a[njs’cs affect At kinds of collisions (Hw mechqm‘g_; __)_'ﬂhc_d_ lead o

F machien. ’IT\e‘j are_oaents that wncrease reachion rates without be;rﬁ uStt{Uf

AP .
_* 'Reachion mtes also depend on e qrequency of collisions etween malecules

The_qreater the frequenty of colligions , 4 qreater is the mte of teaction.

—

* For a polsien 4o lead v a reachon ,_ must occur withy sufficient
energy B stretch bonds t0 a cdtical (enqHs and with sultable

Oientation for new bonds 4 form in the prper locations,

® The spted of a chemical reackion , also called ifs reaction rabe it A

change ' the concentration of reactiong or products per unit of fime.
Thus |, the wnits for reachon mte are LlSL_l_g_[_(_t_j mo[qnhj per second (M/\)

that s , Hie chanae in concentrmtion (rnqu_urtrf__@.nﬂ__m_ol_qﬁta_) divieled bya

time interval [n geconds). I

el
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Bq convention, mtes ar aum.qg expr&SSed as poSltlue quantitles . Buk
becauae +he concentmtieon of reactanbs decmqse wi th —hm_e , Hhe chanae
1 _concentration of ractants A reactant] is a neqthe number i

_Qmsequen{b.\ we use a &eqa‘huf 81an o convert the neqa{we A [reactant
o a pos{hve mte .

CTE s -{qp:cq( for rates to decrease as a reaction PFDCP-P-C!S bearuge
e concenh‘ahon of reactants decreases .

Foc a reachion whese stoichiometric re[ahonshps are not one 1o one ,
the rate of reaction i qwen loq ‘

Reaﬁon equabion: ah + bB —> c¢C +dD

Reaction cate : Rate = -4 BLAT - ) f%E‘” LI
T—AT It ST d_ﬂt

QUESTION (@) How 18 +he ru.f%e at which crone ohsappeqrs elated o
the mte ab whiclk exugen oppears 1n +he reaction 20, (s') — 30, (3) "
(6)1¢ e cate at which O appears, A[0s][Bt, (8 6.0 x10™5m]s at

o particular, instant, ak mhuf: mte b Og dwa?gearmq of dhus dame time
—A[o;[/mc? = = -

ANSWER . () QQ;C@) —— 30,.(9)

' al"’o'l — e
‘R_Oie. T Vs _ uLUZ_'I
£ At AL S,

= = 4.0%X107%
Ll . 4ox 1075 m]s o
4t
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Melecules are wn genfincus randem mehen . : _
he %;-j move ranc{cmb‘.}J melecules __collidc undh eacl. othor anc{ enfrﬂu N
J ]

_QY.CrnanaCCl.- e .

* Thse cellisiens are caid 4o be elasdic, '“Eﬂ".l“j energy 1t congerved, gyt
logt . o '

. T L KE = zmvt

_'Tcm‘:wq%urf, T cliﬁecﬂj_ prcp_o_r_'h'o_r_}a[__'fb He tnefﬁ'j of m!-{lﬁﬁ_OF 'ff-a
melecu(eg (V.ine fic encigy). |

Whin melecules ollide Aoy must bave sufficient enen {cqlled;fﬂ« "
hedivahicn energy . Tiws. sne:gz_jﬁis__nqu{ed 4 brear konds or form }WJ
der a rwachion fv_ave place _betueen tuw subttances. - "

_In seme reachions, direction of _reaction aleo matters . An pj‘;)_mP[e .
b rachion bilow; — ==

} CyMqCl + OH™ ——> C,H,0M 4o
* e carben - chloride tend. is_gelor. P

_ In 4he case of_dhe reachon albeuve , the reod}onunu -ﬂﬂ_{'__"ﬁ&i i,[q@

because euven dheugh He reacdants ollide a:}f‘rlj_m‘-'ﬁ-ﬂ—_rtf!euinj forc

because_of dhe like _chames en the eartially nezad
k - i I _on _The par: ly_net _ﬁ
i the neqative OH_ion. 3 ‘f-’o _ Y -fj‘.L?ﬁ_C.L_ﬁl_ib_fﬁ*eﬂ_L

e ——e e .

——

> De QU_FC;[‘[};LLES have e Same me{s%_zﬁ__
ame_encegy. “This s called Maxuil

Not all H}&_pl;fﬁg[gs_ have Ahe
k _Boltzmann  distribufion.

Tk —— —

Ne of [ o —

m{ecl" (.e S ’.‘I_r I;_ r -I.. . -'. \,‘-_-"‘
[ 7 . .

I \
=5 e ——

i . < ot -
s N B
E >
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-

. ’“;u-c"i_ﬁa\nér Ale épmi:era'%ure Ahe lower 4Hhe peak

| Every. feud molecules have lmak energuy an very_few molecules have
| lowser_energy. Eqslcqllj most molecu las haue aUerqqe enemy . .

___FAC’I‘ORS THAT _AFFECT CHEMICAL REACTIONG .

I
I P

Concentrahion

Pressure

Particle cize

’remperajfu re
Ca'hb.\d ot
Liﬂhf

6 (W | (WP

1. CONCENTRP(TION » Y8 g o b 20 SITRYGne T

[ A0 loeeage Ln concenfl'mhen unLL ntreage —Jrfxe. ra'f:aor-‘ "|'F\n.cbw_m1cat
ceachon .

When there are more molecules | +he chances of cotus(on also INCrease .

_ |Tn qases, Hhe. eﬁlecb of pressure, 18 sk the same ab the ! efpect of
J
(nncen&m.hen on a c‘w,nuca(. veachon .

Censw{er fH‘w. reachan loe,[ou) ' ¥ o

— CaCDs + 2HCL  ——> Call + P.0 + co,

_______Puk% a luMp of Cal3 w SM of HClL would gger @ feaahon-
E____Hﬁwauar anq ‘er par'h,c[cs en e 5ur£ace. n(l 46\;, lump ap CQCO3 3 =
— lwill ke alite 4o reac% widt. Hhe HCL.

Hﬁ_f-;ﬂxe. lump 15 _cut by four pleceS the surface areq ls mcreqswl mw‘(
—|thus the rea.t‘_-hon loewmes ,Fqs'fer When e [uMF (s 5mm¢'11 Mty

*—-—-F°wfi@f‘ the surfac@ areq N CNASES ENn Mmore dtnc( "ﬂ-{_numéerop J

-]
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T S , J
j‘auﬂnlc:\es thot dare Par’r 0 ~H«e rpc:chon mcreasee. ’ﬂus even ual[j (g

i the avcm[l;rqfe-_c[l__ﬂefl_;c&‘;ﬂ___r ——— T
| 5 @ o i t
i T - \r
i . ,
| Ny of | B , - |
o \ t ___'““‘\L
I '

: !’remPERA‘runE

\
| J
"Ternpeﬂﬁura 18 Hhe measure of dfie awr‘qqo. kinelic energy. The f/ua r‘T
e ffemperad‘un& dhe ktqker dhe \JQLOCUN_OF—%L parkioles . 1
Fbr a reqohon -to oc.:ur  He rFolloanq are_: essenhaf. and. memd'a_ble
~ |1 Particles have 1 m(ltc[e -

2oef 2. Parkieles have 4obe in dhe rqu onen'ln‘ffnn

4. 3+:-Particles - have +o have suFthtgn% energy .

i

* [Tn Hhe amph diaaram abouo_ only %e mrhcles (n ’Hle. sinclec[ region will

J
e abl?,-b reack:. : 2 ~
" AR )
4
= 1| : #3204 \ B
.,":"‘_ . . -
ITE i i 1) -
;.: :, ln ! ] ' LY e
§ { i Li
wis ke g b a0
33y S ] - —
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L 4
»d 0

——

Ms{s ,Srinc\ Yhe alternative. pute with lower ackyaton ener
However, there are also ;affalﬂsh Hhat are able %%lgwgéézehi?ahﬁgg |

enemy .

NP Nun-ca'h_l-_.,gq_c_f_;eac}]'nn, _

TR
s N

bl
/

[l
™

\ ,—-——-“CQ"'GIL{SPJ reachon

W

A SO

A4+ B —s Prdycks

“The rate of a reaction is Siuen by the equation below :
; -~ 1 o

Py .

L LA LA ]

&

Rate = krA ,_where l 18 4he reaction ¢ constant,

-

M is 4he erder op reaction of A |, n is he order o reaction ;LB

. M-+ N s the sverall order of reaction. “Theu are whole m:mlaci-'s
o 0.1 y 2, 2 s Yoy e (a.ncl So on ..3 i} ]
NoTE - Rake constant is constant at constant 1 tem perature . -
_ - 9% - Rate = k[Al Jiln -
——The_order of_reaction_is related Ao the mechanism of Afe reachion.
~——* There H__q_ce_qf_.f_ew___r!;qc:’dgﬂ_%___wi:’r_&;ki%kerorc{o__r. e\ 10 or § e tc.
— ﬂlrzs_'l:.__chﬁons__occgr_iv&,[ower_-_o_rde_cs_,-.0,_ 1,2,3,--.. and soon.
—— 2Tt ot necessary that dhe ordecs M and N should be die same,
—— _lor_In_consecudive order,
— 2 K W called b Specifie reackion vabte,
— 0 |K s aloy called’ 4he rate constunt. i J
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/ ‘
| f
|

|30

¢ M 4+ N con nob be defermined stotchmme)mcalla bm
—___._CL?'{'EI'TTIIQE‘_CQ pmc’nca\lq oo hbom[wq : }

e M=+n s d\?u. ouemll orc(er cF teachon.

_The ocder of reackicn is relabed 4o At mechanism of m

When dfe contentmfions ot all M eactands are 1 Mb”al,wt_ %
—————aaF'LClFLC- rachion rate uﬂl Aepencl on dfe avemu oT‘o{Qr oF

Rafe wngfant .= K (A" (&]"

.
; = k(1) (1) T
= —
el = K (o] ]

T ™= 1 ol 0:0, age ;K'mi[g;jb

i S TG, ;
| hlglk({ zg.sl" K Mf{@ 3 } —

Kz S—‘_‘"

1 1 : "i

vevell orde ' = ; .
m th = 1 +0 = 1. *EEC o reattion m+n B 1 beawt

IK Hhe rafe Cﬁnshm,t chﬂn%‘uﬁfh .
ALy changes b =
how_temperature appects tmﬂﬁ Pgm_ﬂ..ncf 4 1@@,53908 chlcrnu‘

l

N

I

| R vl
! _‘-———H—;—K_'___‘ . N DAt : T -
| .
|
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3L QUESTION oN ENTROPY AND FREE ENERGY WITH EQUILIRRIU M.,

/f--—_I

el The mo[qr heaEs of fusion and mpounsahbn of benzeneare 0. C]z[({

and 31.0 uS[m,ol , respecﬁw[ul Calwtqfce Athe emhbpq cp\anqe,s o Aﬁq
Solw\ — L’vqlktﬂl mc‘ Ltqmo( — Vapour ’h"a,nSl'hDﬂS Afor [oen?enf

M 1 adm oressute, bengene :nelhs at S. 5 ¢ and beile aE) gb.1°C.

— | AS = 39.1 T/Kme

Mg b A Fhe melh,nq pom{: solid benzene cmcE Ltqutcl benzene are ok
eamh\nrmum ’ﬂ\ere,Fore AG =0 and dhe en'hbpu of pugivn s qwm
\o\\ . AG = AH- TAS
AG =0 4 0= AH-T4S
TAS = .AH,
T- T
_ AS = ATH/T
- AS = AHpas
- ' A Trus
As = ﬁoquanXHmms 1u53
| ( 5.5 + 233. is)v;
| A% = 10960 Tmel”

AIL.65 K

a_______ﬁimi‘.ar[ﬁ’, at Ioaib:nj 'pom& DG =0 we have Jfen:

-—~.‘_______Becag.{6‘e_ Asm,, > Angs_’,va,pou [ ;:_-.’a'ﬁan cqu.?_e_:_,_s__fﬂ_@_:r_gdis_nM_{QB_’L_‘?@_.;

——

— | A = v [ATup ‘ —
—oid | AQ (EIOumml)ﬁmmUhuf) —
— ] ... (8.1 + 298, !S)K -
— ] AS = 31000 U-ma[' 3
] . 352.8s5 R

-—Aii—wmlﬂ<_-ml g ounwdabah o pultyoes

melhing process .
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| 3& MOLECULAR GEDMETRY

The golar:’m of a_melecule (or lack thereof ) Influences - ?b_t_jsimk PmPH

Sud\ as So(ubllt{-q boiling pomk methnq an’c ,]treezmj ?ﬂnt"%r

lowsg.ure cmc\ chemrcq[ ruo«c'hurh-\
i

The «CWG* step tn c\e’rermmma molecular oeome{:rq & o write the Lem

‘s'{'rut:fiuie for a_molecule , uSCucD\ alUﬁS the arrmgemmt ef valence el@ﬂ’mns
|tn derme of bona[mq pau‘s ano& lone ﬂatrS op electons.

, 0.
,,/ \

|'ﬂ\e Valence Shell Electron Patr Ro,pulsmn (\ISEPF’-\ model 1s hen

|
app.heﬂ to determine o molecule's 'H\Fee Almmsmonaf qeemetrq (arshgfg
he bastc premlSe of_ +he VSEPR qppmatp\ i¢ that f'r’na e(eefmn palrs

i
ISurfoundmj an_afom 1n a molecule r‘epe[ each other, and dend ’cormmm:ze

'«Hm repulsmns lnu poSl'thmQ A-anse(ms as .{:arawnq fom each other as

'oos%x\o\a The QppllCCt‘ﬁDn b(l \VSEPR perrm-fs. +he prgc[lc'hnn aF molecular

laeome’(rtes and Bnnd anales (”us Ln;:ormq'hgn cun loe usec[ o subsmuﬂ
eterrmine eéher mm*he.s such as mo[ecu[ar po[clrv[-q '

I

For example , consider ounmema, NH, uSﬁuda has the Leuss sdfch‘ure _

B—N— 4

|
I
I
- . . " Lg
| 1
'
I

H . —

| The mhb%m eﬁnm(rﬂ has four panS of vu,la,ncg e@mbns g bw{@

pmr.s (shan’;al wirh B ﬂbms\ unJ l lone. f“lr (_unsharec‘)
"ﬂu VSEPR model predick anE Ahe four pairs o by

fmr Fatrs minimize refutaoﬂs

a.o\,ophnq a 'l'e'lmhv.ﬂl.m[ mqnﬁemen‘l' angund Ahe m.fhroam N') The

nrro.nQamm+ OF all elecfanqurs — lonnd,l j \re ancl Con.q, PQW-S"
Ea elechm fnwr arrnnj"“

) M 2

f ' by -
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—
__.-—-"."-._'—_

By contmst, the molecular geometry does nok include he lone pairs , but
Md%crihps +e Seome,l:ric armngemen‘c of the atoms 1n +he molecule .
“Thus , 1n the example of NH;  Ahe electnn pair_armngement i febra hedral

—_ ] , . , J
Hﬂ___wlmlﬁ +he molecubar Seome{:r:j 18 tftgong[ ?tjramlc{at as shown belpyr.
. / N\ A
H

USEPR allows he ?qflac[fc'h'on_glp ideal bond m{S les ¢ fordhe detahedml
elecfn_pair armngement of 4he NHa molecule | dhe ideal H—N-H

angle uruld be predicted 4o be 109.5°, the tehahedral angle.
vl . Y,

PROCEDURE FOR DRAWING LEWISQ STRUCTURES

Add up the qotal # of valence electons for all the atems . Account for

charge: TI¢ the species has a Negative (=) charge : add ene valence

- (4 '\J
elecdwn _for each negafive charge | for a posttvely charged (+) species |
v v/ {

J J 7

— |substmct gne_elechion for each pogitive charme. -

Draws +he molecular SKelefon 'anc{ CeanC‘FJ'-Hw. atoms wifle ene Lond.

| The cenbal atom is Senem([!j +he afom ‘wf'fﬂ. dte lowesd lae(ecﬁonrjqﬁl{\}f_y

but never H .

—

—_—

—_—

—_—

Sah’sftj the Octet rule @ Distribute 4he remainin valence electons
bgiclc[fﬂj lone ?a’lris o complete Hhe octets of fle outer Qﬁbfﬁ;f_!ﬁ&:
(_H&lj req [ FE.S 2 e[echns).hn ?'qu'e ang remgfnfnﬁ " s onthe

centra| atom, R ) | '

L [T here_are +o few velence elechang 4o qive eac[f\__g_-l_;_-;_@_c_u_\_hg;fﬁ_; n}_ulﬁp_fg
—{ond(8) may be required. Tn dhis cace, convert outer adom lone pairs

S.

—_—

ﬁ_____'['_b__\go_n_ci_?a{ s b, form mul h'fl@ﬁ(o_og_ci_s_ ST

There are Some: excefaﬁbﬁs 1o dhe octet rule : _«3"‘ 'MLOI__bﬁ!?!-‘;!{é!_fj'[ﬂ@l!_‘ﬂﬁ____

~—Imay more: than have 8 glectrons around them_ip needled ngﬁanc‘t’_d;_\f&(m?ﬁ—;‘_f

——

‘ipiﬁ_'ﬂi);% ms' Such as Re . B and Al may have [ess: than an-eclefop

. Nafive atom caries ffe odd' elertnn’.

tlectons. In species unth an jdd number of eleetom s the [gq#e{ec&a:*--_
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A way in which the mte of a reachon depends onthe o i‘mﬂ_’f&_;% --

_ Iopjhp, reacfants can be expr@ssecf 1 Ahe rFo[[ouﬂ.ﬂq quu_q_q%i@mﬁr‘;
MPD‘H\@{‘LC&[ reachion _x‘:

ah + b — cC + dD

=n

f ke = K[AJE] = K[AT[8

SLLCL\. an_equation that shows how +he mte depencﬁo on_the concentzfiey,
0(3 Ao ttacfa.nts s called a Rate Law.
'J'Tlne eoﬂsfun%(k) e mbe law b called dfe Rate Consdzmi
lfﬂm moam{uio. afl K changes witl '{bmpera'ﬁure and t'lﬁene-Fore cfefermrmt

how 'fbmpera,turﬁ affects
I’ﬂxa exponenfs m and N aw ‘h.{plCCL“.q small whole aunbes (u&mlt

0, 1 or 9_) These exponents , m ancf n are called Reaction Ordors
- "ﬂmu |nc\lcafo, how he ke i qppecfoo‘ by each reactant’s concentration.
: Ip dhe ate (aw fora reacion 1w known and ths @ie rFerase&aF
|reactant Qgﬂ(l&ﬂ"h'ﬂ"heﬁs fHuz value of fbe rate constant, k can be

caleulated .
For emmp(e Ca[cu[af:e ~H\e rn.%e of l‘eac'hon qwen "H:w_ .-Fo[(ounng

E-G\-ﬁ

K = 2% ¥10° * Mg _ R "3

|

f

| D’l] D. 100M 3 [3] 0. TOON\ m = ]_ =] ancJ
I'.

Gte = LOTTET '-._,;
f Rate = 2.3x107* [o.100] (0. loo] _*_“
Rate = 2.2x107% x 0.010000 EOa

}’ an

| . Rate = 0. OOOOOQ.:F r . e Tl
|

|

|

e — ——— e e e

Rate = 'Hﬂxlo M/s m'__{YIs"_ oy el

S e SONAL ST 1 \

oTE : ]Nhen wa concendrotions ot all 4he reac'iun(tg are: 3 mol/c{m o
Specu;lc reaction rate will dePean on c}he werqn o,-cler °F reachﬂ”

Im +n = overgll orc{pr of reat'hon oo T
‘.w:-._-.l TR FI '

|
Scanned by CamScanner




NOTE_®_
|1 a reaction is 2eq - order 0_a_partieular_reactant , chan
~fconcentration_will_not_afgect he rate in any way (o lsnq az sime of

the_reactant is present) because any_concentration mised o -the “
Jzero_is equal o 1 (one).

'Im-hal m'fvs can be LW'!" iy r.h'lwrtnfrm miv [ae, .
"“ﬂw alo law {Ul any chemion) reacon myst be e
The effeclsof ()l}ft:\{llr\t) dhe inlial concordliadione o

h[-ﬁoruvc\ on Ahe \mhial tate of lhe 1eacdion,

letrmined !'/,[ﬂ'f;ffl"/fl’f'f-’l’b

[ the reatdants ore

Rale = k [roar_{anf, I.]m_[rr*ac'far_lf, '2]"

"ﬁms,_-lho_-]nsri_ufl _cletvrm_i_m'nj_er‘.rate law becomes cne ef determining
: J

Hhe reacfion pf clo_r,s, m ___ann_:[M i .

TIn most reacfions

_dhe reaction ocders are 0, 1,ar 2.

Cj;f!f‘j the

pewier

When 4he reaction order 1s one in a_reactant __Cbﬂi_@f]ésmi!? ~the corvertretic

of that reactant will ?mduf:e pportional dqanﬂe_.s__i.{)_vjh_{_,r_a:f_g_-.__Ihl,.__g -

c{o_u_bbina the _concentration of -the reactant will double T B -
When he cate law 15 second order n o Farﬁo_ifﬂ_ﬁ,&c‘fm—t—, donbiling ik
concenirstion increases the rate by afacor cp 9"= 4, higling ik
concentrstion uuses Hhe rate 4o increase by a foctor ¢ 3= 9" nd s
:gnchh. _

It is imporfant 1o realize +hat +he rate ofa reaction_depends on Hhe

9,004 2

—__|eoncentrahion , but +he mte constant (k) does not .

0TE o

———— ]

— —|plesence of a_catalyat .
J

—r

—

“The rate constant K is affected only by ﬂEmperaiuren ang‘_fﬁji;‘x

\

¢

R N RS S _J
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. i'EnerSlj associated w_q'm“ a quﬁcuiar orbit (enerBB leuﬁL)_g_ﬂig L
“"‘3 E le = =b |, where b= 238x10°°F YV

| ¥ x10273 T
! 1 n ] n = %_wnufqlq}m\n{gm ﬂu%{"/

. — Uty
¢« The chcmgo_ n orbit of an electmn ts jwen l"fj" \“i C
_i_ AE = En" - Enl _i__,,—
I \ ' T

| _ ~ -b LY - f- ’E} L
| AE = (431 { /hz) —

| L 1

BE = - gl 2% — [
T I'iq [
\I’_

|

| |
4__JI-__-_
—
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Mber&’s equafion is alsp %iven by :
J

B
-,

=B T
— 1 = R I \ )
e
r-/_______ 2
r’____ ’Therelpore; A = 1
| o [L._ 1)
— RN
i by
"%_____ Foc Specfrml Lines

N, ,N, are 'm’l“egers widl, values 1,2, 3 ymce. O called

aumn"rum numbers .

_SERIES 0, 0, _REGION

- Lo . | o)
L\jma;n- : 1 - 058 .., OO uyv
[} Bal mer- ;2.2 3,495 ... UV jv{sible
Paschen 3 4,5,6... @ 1R .

S 'E)FQCKQ":L' < .5-’G.,;F"”_oo,~ I.R : .
L P,j!m\ol. 0315 it BT i Bives 99 1R
e Ru = 2 = 10966 898.08 -®..1.09F %107 m'. -
T he -
% Whopy 00 =N, the energy is gem-. . .
»-______'_'____ 1 oty
— 1 L -
e

. -
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|
128 ! Wave Proper+j of Natter (% V\lcwe Particle D_quLita:).

s W[man Parhdes are_bound 1 an atom ,dhey behave ““-P- waves "”‘Olnn
lanh&s \L

* De Broa\te. P‘rbpasad dhat -pne UJCLUQ.[EFLG{"H\ of & maifer‘ wave , A iy I’
given loq dhe equabion below: \\[,
x\‘
A =, '%'\F J,wfune, h = Plane's. @MWEE

Mc[ v = ve[ucvh.\

This equabion connects a wave praperEq ,wnvelenq'H\ o «par»ﬁclg
Prz,per'hes mass and UE[OQL‘[:q ' !

NOTE: mX V = P(mnme.n'fum’) \(

Hn'tsenbergfs Mathematical Formula a.ncp -Prnalqs{s |
1n T T

. MO,H]emahcall3 t is impossible do measure widh comp lete precision both
Jhe parhc[es posvhon o.no[ velocity ot Hhe Same Lnstqnce

J
To_measwe g pardicfe posnhon or ue[oanq we_have 4s loaunce opf annflg annfhr
pur'hc[e off 'LE- ' 4 |

. 'r“m exact poSf’hnn and ue[oet+u bf O parehc(e cannot be do.termmei
:5Lmannp,gu_c.lq_, no matter hou: cleuerlq measurements are dene. -

* | The mathematical '-exp'ﬁassion 83 PO = S IS
A Ap > Pov v iy w0 e g ,L
4K |

The combination op +the error in pbs‘.l’hon (A'x_) +imes +he error tn mmgniﬂn
(6p = mu) must Q-LWU-‘{S be QI’EQJEP_F +han Plank's censdant .

“These limitadions preuen’cs us from_ever Knowing or p,e&{c,hnj where &
lelecton uwill be afanu particular instant instedd pmcm.ﬂnu{q i3 usd

e

/'L
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%____ WAVE MECHANICS AND FUNCTIONS

it

o |Wave functions fore electens are called Orbitals . :
The accep’\‘a\ole unve functions are chamactericed by three quantum
pumbers . D f anol M, 4hat relote b Size, sl\ape and erierdation
of Hhe orbital ,_respechively,
. Naue mechanism s  views Hee pmloqlaih"l'q of ,chllnq an elechon ab a
_laiven mm’c as equal 1o the square of amph’mda of the elettron wave
mm ioq the wave ,'r.unthon '~l":l
s A eloctron behaves as i it it spread eut amund +he nucleus tn an
_ lelecton cloud . “Therefore, the mealalll‘hi o(!,rlnqu an elechon varieg
em_place to plqce. e e,lechon clmslm :
remens of lmqh PrbloaJmh'f\\ there 18 Mqi\ ooncernh'ahon ori e[ec['r{cq,l
churqe (and mass\ Ahe_elechon density is haq'\n

——"'-’-.-——._'-

Y
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J40) FIAST = ORDER  REACTIONS L —— '
| o -

A fust ~otder voacfion s one whese mie cioponcls on. +he cancen'tra‘hon ®.

O ,mr\lv reactant mised Ao -Jhe flfRﬁ power.
For a eaclion oft Ahe |l“3(1 of A ~—3 Pmc{uc{,s +he m.{:e law mg\jbe

Tlul -ocder B
| i\(\ ! e = — A CA ] - ' |(:_EA:] - I . _—,\‘.-
l’ 7.] : ! T

* s form of a mte law, which (‘}O[JI'EEEt‘S hom Tate Jepen&&. on concen’n’ahm

T ———
l“ called Ahe DlFfuronilq[ Rate [aw. N s 3
llmmq an operadion from caleulus cqllvc( In'toqra'hon dhig! (‘e[ahnnslup fan
e - |manormecl info an crlua{wn +hat re[q{es 4he concendration of Ad
Hu start of fhe reaction [:oﬂo, 4o ks concentration ab any other o dime,

W T ;.

I InCAl, - Tn(a), = -kt or InCATe _ %t
— o _ (A7,
|

'ﬂms fmm of |hc m[o_ [nw is called he 'In{:p_qrqfed Rate Law. "ﬂ]e,jumhcr
;".'[n " in Ahe equation_akove 18 the natural (charl'me ,
ﬂ\e m{osm{od rate low can aleo be writfen as:

—

3 — n [“lt 'kt + In[A], qa_-lnns as the untts are the same_.
: ‘ —— for both Dﬂt and Eﬂ':lo__:____,,

"

B fGl\lm q“‘l |hree OF '“10 g.‘ollowmg ctuan'hfhes We _can Sber for Ah eer .four»lf\ ’
kot 0T and [N
: o @N A I — e _
_ | us Ldnu an use meSE cf‘_ua{mns. rEc,r 97@0"\[:[9 'h) Ae{-grmme (_) d&e W“daﬂ
| Jconcvnimfiwn remcumna at any_ dime apter_dhe reaction has shr{ecn (f)
Hime requtmc{ for a.given fraction of a sample 4o ceact | or @fH\e Alme -
Jrequure& for a_reactant_concentration o fall o qcer+aln level .

—

— ""'
M

| g .
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k[P\] = Ro&e = :_é[:_@__

= D{Egerenﬁa[ Rafe Lauw

- ]-n_[A]J— — ln[-A]n = -kt Injcesra{'eor Ro.%e, Law

PRACTICE EXERCISE

The c(ecomposman of Jtm&’c\ml e{her CCHQ 0 o& 510°C 1s a

,l;nrs% or&er pIOCEsSS with a rn.ha constant of 6.87% lo™* g-':

(CHQJ O(_ﬁ) —_—> C‘Hq.(ﬁ) + HQCS) -1 CO[S)

| Ip the Anitial pressure of ( CHq), 0 ts 135 dorr wlm{‘ 1$ 'H'le pressure

R of (CHD 0- ar-ter 1420 seaoncl’..a ?-

Ans : |

S1 'l:orr'

.
> aplen

’ﬂm Aeuomposman of a cer’cam msechucle N wa’cer Follows. ,ws’c-orc{er

Kinetics UJI‘H’\ a rate r:ons’can{: of 1.45 qears. "ot 19.°C A quanhhq of

(Hhis ingecticide s washed into a lake on Tune 1, teading 'fID a

1

concentaciion of 'S0 % [0° ﬂmeB Assume  Ahat 'Hme querz{ée 'fnmpefafum

of Ahe lane 13 . 12°C .

(@ What the concenf}mhon of r’rhe mSGthctcla on_Tune 1 a[?'H}e

»lwollowmq uear Q

4

/x

!

M&ecreas_m o 8:0 X 107 *glem’ 7
has | @) 1.2x10" ,3{cm'-"

’."““H“__J_(Lb') 0.95 yeors

(b) Hou: bmq Wil ik thka,for he. r_onCen’fmrhan oFr}w InScCﬁcIC{E'fo

—
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_ ]z |HYBRIDIZATION AND THE LOCALIZED ELECTRON MODEL

_J

(Lewis shuc{-ubej

w

~ [t
In general we assume that loonc{i‘nﬂ ‘muo(ves Onlﬁ e valence OrIOHQ}:j"/
1p we congider methane and s bonding , the hgdmﬂeﬂ atoms 1y, Nel

7

orbitals . The valence arbifals efa carbon afom are +he MM%:
B T —

1 D
R—¢c—H T~

i _“““-\.il___-—

i e

Mmethane .fl

methane molecule

(tetrahedml melecular prometyy )

Hybridizakidy_is a modipication of the localized elockon model 4 ami®

:

3

E

p——

for Hhe_cboservation Hhat abos often seem b use special atomicodifty - -
o0 forming molecules . ' L

IJJ . . . ' ——-———-"f'___‘_—
1 | Rybndization e Hhe MI%INg of native atemic orbitals 4o form —
specid) orbitals por bonding. ; S —

/ J 7 ‘L\-__—

|The £our sp® orbitals are identical in shape , each

sne having & 0¥

lobe and a_small (obe » The_four etbitals’ are

orlented in gpace®

L

| Ahaf he lame lobes form o tetrahedral armn

ement.

2 o U T
SpP hqbrlil'zwhon qves a - Mhe&@[ Qb

L] -t

of orbitals.

—_—— -

|
|
|
|
|

h‘-&"'&-&__

._‘\“-;-
! N
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n enemu\ ~\ovel d\aqram s\wwmq ~he -Fofff\ahon of four ,spsoﬂm'fu[s

/L%wm loelowo ;

_—

/’__1_

|

|
i
|
|

hhﬁc‘ {za Hon SP‘& .

L T | ! P Py
Qs - orortals T C o Hhe

AT CHy molecule .
acbitale in' o free - '

C atom.

The new 593 adomic orbitals en carbon ame used to share electron

ALWAYS

Pai,rs with the 1S orbitals trom the four hudroaen adoms.
t J ] - J L=~

henemgeR ;| Whenever o set of equivalent tetrahendral atomic orbitals ig utrecﬁ
L by an atom, this moclel assumes hatthe atom adopts o set nF sp

AR orhltu_ls. p +he_ atom becomes - Sps h bndme:[

3¢ 4
SR -/ _\\ PVa

, SP’ “}@u{ ‘\ng e e
— _ : _
~Ae} bran \4_/ - B e
\E 11s
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A complete description of -he [oonclt‘ﬂj n any (brﬂpo!»lﬂ(t'l.ﬂub_l\)gs thy,
shapst  NENALE . )

1. er-!in_t] Jhe Lewis shructure e
4 ‘De'h-rmininj dhe aimrpamen{_of electron paire us?dhf’—.lisﬁf’ﬂ inedy|
Al

- __'i-_Do{off!"ini”j {he hjfori a['er!'_\,t'c_or[ot"fﬂls‘i_!!?@_.f[.?.&'b scribe fhe "m&%
i 4he molecute. e

. In NH3 r;\-l?[ecq_[e“ :%hr_;ee oF’Hug _séga;r_lojjl'q._[_s__qfe__u_gg& 'bb_r[‘ormlﬂ;ﬂf[&\q’n

Ahe dhree -l‘j rhiosen_ atoms |, and fhe Ao urtle éP.?__Df.[oI'fEL|-_[A_‘9.[ de e lone

= P_CL____.__ —_—

| The four electmn pairs anund tte nibagen afom tn_ammonia, requi

| tetmhedal_arangement tomininize pulsions. .

| sp’ HYeRIDizaTIN

__|Edhylene (CzHe})_tS__anbunpuian_chiaPﬁnjmimqltn_4h£ﬂ;r;fﬁ£m°

_plastics. The_Co My has 12 valence elechons and e follo @1{15 Lo

shucture &

_ .H — - u il S S _-—--—~‘-":
e —
Wy . e

A double lbond acts QS__.QQ@_EEffE{f{_Q_E.__,E_[

ehon pair.
In ehhylene_dhe carbon afom hybridizes in o _dieperent manner. A st

e orkifals aranged at 120 - dearee angles in e same plone @
dotnined by combining one ngitcﬂ_ and fub p orbitals.
ﬂTE-_ene[gsj_—_\_e_U_e_f _d_/iqam-m dor Hhe orbifal of Hus qmﬂﬂgm_gn%_,b J

W

below v

A

_ ) R /| B

|
|
|

B s — —---u---===“_~==n__b "

—_— S
( crbitals in an Lolated carbon adom | g-ﬁngl'e‘ne . ‘
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The Sp eciftc reqchon mfe does nob c[mnﬂe with time - Howem,
chamcferighic of He eackion. -

° | Remember mclc{m ' = M S :;
i Consider 4h¢ information given belbw 3 Y
| (A] Rafe of reachion -

A __\\r

5 0.50 9.00 D
_——_——_-‘—-\“_.

____2 1-00 2.0D D e B
—

2. 1150 | 2.00 D

TE &

J

The dotn alowe tells ug thot 48: order of reaction of f

l

fx\rﬁcuﬁqr reacfion wus O C’aero\

Rai-e {s,_cll”QcE[q 1 r’aono& B Af
ghown tn e da —Pqﬁm below e-oncentmton . s &

|

(ATl Rate of reackon :l[

L

1 0.50 -

l 1.00 1

s 00 B s g

2. 4=5&- 2.00 it ﬂ-———*”;L

\-’/}

Tus is 4w LA L

S I3 e ofF o S __-__-‘“*‘“T" I

' - fﬁwmw,wz
;' Lot dhe fate = ?[ﬂ E_

e

Scanned by CamScanner



o Now ek K TAT [T |
:J:_P (Al (2] Rate of TEQG'HDH’
b 0.2 01 EEERT IS |
Y 0.2 0.2 i 4g X0
R 0.1 _2.24x107°

Leb ws drve for example Ao tue e;epenmen{'s i whicl 4o

concendzfion of B mes cnnsqtmf: In tus se , we will fake

@xf::ncrmlem{* 1 aud 2-

Rabe = K (#1"(&]"

1.12 % 1073 = o2 " (oA

.24 x 107 = K [ouT" [oA]

A
e | 1019_ = EOIQ'-!M
=l 2.24 fo.w]™ -
— 4 = [ 9% "
— ” qu!r(P'
ﬁ.._____ 0'5 = O'5m
=" _J [03 0.5 = |oq 0.5™
2

_—‘_"‘-——____
] 040.5 = mloq 0.5
o <J

i & -
e m = LOS_./U'D

—————

l- 03.40 ) 5

m o= 1
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Now leb us fake fwo exfe

s constank . Tn Hus aase , wWe

riments

o

—_—

—_—t

ale

= K [O\é

S
n ubich e concentration o
we_uall daxe_experiments 1 o,

e
E:;

B
—-_——_————____-_\\N_‘.

n

E—
— |
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INTEGRATED RATE LAW —

Ths law has He concentradion ofrjrﬁv: eacfants as e r}U”C”,‘\'D\noE

-Hﬂle . T g

bor dhe J&rs{: order of reac'[.:wﬂ +nKe for ingtance thal we ]naw
dee_reachon (_lepl.e requhan\ ah S==3 jmc{uc%s

The mte v qiven by ¢ - ATA]
0¥ a At

ke = K [A]
- ATAT _ k[A]

a At

Reacrange and inteqrafe a5 t=0 —» t =t
(a1, — [4&],
=In(r), = ~In[A] + akt
ln (Al = In[al - @Kt

e A
| Y m %

u
(@]

\

|
. ’ ] -
o / 'tjzz L8 eqvuqt to lﬂaﬁ;f:ﬁfe_lg_i_ts Ahe Hme dnken {fgﬁ_if*_t-“

| concendmfion B be reduced 4 fxa(& Tt does not mean ﬂ—f#
| dhe Hme daken”,

__________,-4‘
; r___..-n’
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(5 +, — In 2 =
/””—’é ok
S
j For rFlfS‘[: arc{er reachons 'H%.e ka.fF LLFQ (4’:. ‘) LS q[ S
cons{:anf: - %
Socond Ol‘c‘ter Reachiong

s af T Prbc\lucf"s

Cate = A [A]

aAt

ate = k[A]" |

— AT - R(AT
L aAt

Reqrmnﬁg and, :l,ﬂ'l'eth

S [ \ /[ [\4- (Xﬁ
S \EA] ) \[ﬁ I-\l \
| y C M.
—
RMLJ{\ plm’: He fmuerso. oC cona_’nffmﬁon rl&a S[QPQ__LULU._‘-ZQ
—_— Qosmﬂb@
R _ — e
] (Ale / (7S ,_H___i
N — ===
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----- | DRGNS
2

o ~a
t, = 1
79 ak AJ°

_-'//
N\ .
éj:g%\._ -
— \ - -
Py -

B T — =

- S - : _—
A" __'Er 5 P

___.—-—-""'"/./ )
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Jri 4 o Kot Qrder  Reacdion 8 X%\
-

o | Zere order reacdions mean that dbe mte of reaction |
:’juniepenc'{enk of cencentmdion, o
:__ te = -~ A[A]

. aAt
aA —> Prducke
fCL{iP_ = ak
. — é_[Al = Cl.k
aAt
Rmmmge and v’m&amf}e
+=0 — { =+
e (Al= [/’\1:F — [Al,
- [A], = [a] - akt
J 2. C myx
S Loy
-h‘__-__— ——r
— jﬁ_[.\
ki f‘u}
8 ok ,_'_2\\ e
T ™ a0 \\:.Q.K
R Y PO Y A -
| +
g__
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15y R I W -
(A7), = (AT, -akt S —

B A -
(], = (Al - . I

Z -

[Al. - (A1, - aki, -

2 ° o

(Al _ [, = —aki, R

2 Tt T

?" @lb = ;,-’Cl.k'!:yﬂ
2

[

g
o t, = [Al
e 2ak

e A?Flteq}c{ons of hq,lF-l,ife are %Aollbwinqt archaelogical
abing , aeo[nc&fcal c[ﬁchﬂf} and_carbon c&a\‘fl_flg -

* | Most reacfions are T,,Hrst order reactiong .
* | A fost feaction will have a ehort hale-life .

J’ Dﬂéyt = %E&_]____{Dr_ {frth ~ order reachons. _—

‘[ 4, = - ]if = 0633 . o
--—k-—— —— e et e gt

. ;ror seond -order reactions, 4, = %f’{f?};‘iﬁiﬁ&;l};@ff_f

- ’er imial concentrohion of !EQQ&B_(;L_:':_: ’”‘e lvwﬂf *‘whlnmﬂlc;ﬂmhi}
| dhe greater the holp - e, and also deponds on Ahe ate constant.
. / For_a first -ocder reachion e half-life depends on 4he rate constant. -

—
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f;; l AR
ﬁ““: A sample of_a weod £rm_an Equﬂ‘h&“ Mmummy case has a
. balg- L‘Fe of T.al. Yow old 1w "He ywd?
i %;,: 5330 years
A J
— ACHVIt’j .Lv\ lr‘\VEi"ﬁ F[qnt— = 15.3%
o t, = In2
i ak
:_H In [AL = Tn[a], - alt

- by, = In?
_ ak
Q,k = a2 - 0.693 = 1.2 xm-ﬁ‘q,t
4:;& 5320 £
Now  In (Al, = In[ﬂu - akt
| Tn 241 = [n15.3 - 1.2 x107%¢
—_ 1.2 %10t = [n15.3 — [n q.41
e~ NS SN
e + = In15.3 - In‘1 41
Th—— 4 1.2 X'ID
~ :
~—_1 + = 4.05%X 10" years.
\fk
T~
T
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¢ bor seme tmcfx_'grlfs__,_wy\t&_?“.\ﬂ. o

j ° Lo of feat

nC_[_?,_g,_S_Q,L‘L Llﬂ_,__lo__cl_ ]:H]Q m‘;@__ F S ©
__".E\cmm\ae r _,_{C ml:!ﬂm fure 18 _’HAE mea

_'.tax;j:‘_,@«iu_\;e of the teach'g_h L& .
- hon (ncreases }95 gy
A }'\Lneﬁc_mg%s /

— e ——

e ———

1. Collisien fﬁwﬂ_ﬁ: e T |
2. TransiHon Sﬁiﬂb_@fg or _ﬂcbllﬁﬁés..._Compl_‘?.ﬁ_fﬂmfﬂ

T £ K€ e L -

T L Lm© *
—

T o (W “:-ﬂ
;r-z. \VZJ ' _—___H_‘:
30 = {.y.'..\'l oy
3lo \ V. _ L

* As dhedempaature in

| __Cfﬂilf_’:ﬁéﬁ,_ﬂ\g;?gg_& lowers and dfe. curwes. ot
—only_once. 7

B -

|
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Achivatien Enerf\}uj ts the minimum enery required o start a
reachon.

Aclvation enemy = Eg . _ \d

[}
voJ

H W H H N

| €% 6~ \ l N

| sl ) l 2

7 W / H OH \:

( 7 N

N T hE

NOTE © e T l
I

Frachon of Eq i

molocules urtfe OC e -
suHilcmnt enemy

’ﬂms 1S Hhe expression +hat qives ]‘
+ = e_- WIR'——/ " the fraction of melecules -HnoJ: [‘

z “Rag an @n@rgg_gquaL 5 or greater 1
_ ~!4han Ea (ackivation energy). i

rade k [A " 5;
A = Arr\\emu.s cnn5‘|'a,n'l: j
j I R IR s y
K = Ae ©

Upon colligton . Ahe Kinehe energyy (k E\ of me mole cules. can be used
o Shreteh loe,nci andr ul'hma'lz?,l.q boreaw bmcls \eqc‘mq 4 chemical

reachens. ’T[\al- e ina Kme{u-_ enerqu A M-&Eal fh: cD\anqc e m‘haarhcaq
energy - of the nne(ew(e '

To reacl: colliding mglecules ek : lnaue a ‘h:{?o,l Rineticenergy equaf, 'h)

o greater Ahan. g8me mimmum m[,\,\f Thes, min mmm ~value oflenerﬁ
l-« \nl#—:ﬂl‘ﬂ m n[\vmn\n\‘ rbnrv'n.nn I?: f“.ﬂ“@b‘ AC’"‘lﬂ'hm En“ﬂ'ﬂ (EQ -
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{

Y = il
A /ﬂ\
:(h\’f\ __—_‘“\_-—
>tis\ ﬁ_____ﬁ\:
\ Rt
Ink —

When 'rx —_ Kl —
 Ta. = Ko Aty

-~ ' 4___/-_‘_—

Ko = A= T LY L e

K \Tl\} QM&LE

I{\Kg_ = ‘[“A-' -—E&-(‘:LF"\ _ —-———'G’CIU.GJHD"‘@/;_H

f \lz ) 7 ' /T‘

The Archeniug Eqbuajcfof\ N

Ahechenius neted +hat most feactions shewy thad: dhe lﬂcm@_‘i‘/@%,ﬁh
increasing dempemfure w non-Linear. Most maction-rate datn gbﬂlj/

| equartion basu{ on dhree factnrg 1 () dhe fraction of molecules /
an energy ef Ea or qred-{ﬁf‘ () the number. of og[llgtons Dccunnj,P/a

ano\ QC) r“'te ,Emol-lon of collisions that have Ahe e M
| (Al *\'Ms.q Ahee are ano'rporaie& lx\’co k = po R L B
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In k‘l — ‘Ink-_r_ = il Enq ('11'-) + 'Ea'q' ‘l\)
K1 N X 1Z)

A -~ _ Ea ’.1.. o __'_]___\

Tn (\K'&) LS (\.” T’Z)

For an EWD"H\EFmLc reacfion”

i ..‘}f?‘\ ﬂ/’/\

— - B A \ |
Reardomds /4, \ i - \\ |
bl | ’ \ |
{
g T | Y
. ]
— N -=-.._ mcl(:(‘cu /
Ronihon Potbwmg _/

Acﬁfm&on Comp ex, Lt peeurs mfmn wear. !aoncCs

s Caﬂocf_/ftﬁf-,/——’——'—’_'

£ befween all dfe afoms G@jﬁg reacﬁng, p@ttes, and dRere s
oM e |

e, Tt & ant fn'fermecfzafe hase.
ok, Abe teacfants or fmcﬂuc It—l_-,.,. paas
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/6o CATALYSTS

A Ca’mlHS{: alters e wmte of a chgmtc’a[ reacion .:f
Only a small amount of mf@h\@& w_ustlally requu@Lm\Qf__
lchomical feaction . - | ‘ *__\\-——‘-*
A Cczfahjs% W net consumedn the reachent. —
A cO_’cahd&lc gg_‘mcp.s an alternative mute with lbwer actimfiy, —

- erw,r%\}. | _

.: A+ C > Ac E —

- Ac+. B > Prducks + c Ea'

AtCOLBIAL — AC+ O+ Poducks.

Querall equabion : A+ B —> Prduck

4__——-"""_‘—-———-—_.

Lo he reactien letween mb‘bqen and Mc{mqeﬂ o pm@_cgj_nlﬂ’ﬁ“:._____

an h@,’cemggnsu& ca,‘%alust‘ (8 u,sed Fe(d)

e
Fey T

NQ_G\J'} + 3[‘*9{@) _"C':""'h QNHg (a\ T

._,__@# Check out whak Afe usord Aclst)rpﬁon means cencemﬂnj Huiy foplt}——

.._4-’//-’

Lo dhe reackion equaf:wn m machon . eacﬁx of Afe Hwd mchcﬂs —

has s own achUtLhoﬂ enerqq he, er m'H;kDF EGCC\ h_of % Afe | b’”

e

e

— b
- |

reachons hog Uk ewn chuahsn ener35 CE‘I) -

A ca’fahs’r 1s_a Gubstance that chan e 3{_\0_?_:9 of a ch c(\emlm[

without un&emomq a_permanent change LESQF in the  IOCRSS: -
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A

B T activat T
/Mme_rg%ﬁgwiven reaction can be delermined lmj

\ k at a ' ' s

//,@Q_aeurmg . series of 'E@mlaerq’curee qrqPImn Tnk ver L1 ™
and -H:%r\ f:alcuhhnj Ea drom e SQP? d'-H'na I“Eguu'an‘{r LL:L:S : N

= akmS +he natural !g%arfflﬂm of k= Ae & , e have :

— = —Ea

— Ink = -E + Tna

~ ] ¥y = o % ¢ of 3= b F @

A ameh ‘ :

A gmph op Ink vesue /T will ke o, lLine with o slope equal &

| -Ea/R® and a Y-tnfecopt equal 4o Tn A .

> m=b - -%
| > C = o = InA B
>+ Y = Tk

¢ .(“'\e eq‘uarh'on . ]nk = - % + IhA can be HSEJ 'f:b eun[ua%e ta
(n o oon ~graphical way 1p we knowr the mbe congtant of a reackion af
| b er more ‘tnmpom’cure%- :

for_example, ~ suppese dhat ak twe digeront temperatures, T and T 0
feaction has ke condtants K, and W, . For eadh condition | we have :
L | ok, = -BafRT, + InA  and Twk, = -Ea/RT, 4 [nA .
6u\oi:raojc{n5 nk, fom T K, quiue,s:

~ Tnky = Jnk, = [“EafRT, ¥InA) = (~EafkT, + ma).

_ Simplﬁgﬂinﬁ Ahe above equadion and marmngi!Lg__r!li.s\\@_
*M_ e\ p. N\ ——

A . E -L [_E_L ) EQ { 1 . 1 v ] \ !
\—1‘ N\T77 TR e [UET e e ’n«_xs_.ﬁp[v_llldgs ,g_cgmggr_ugnt_

Rz R Ule T

\_IMU of aleulating +he mte constant, K, | ak come ’Iom‘:em{ung_:(_,_,_ when
Know -the, ‘activadion energy ‘qmd the rate constant | K, , at some.

E-EI 7 Lﬂmpefﬁ"rm& Vo
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/ {CONTINUATION ON FIRGT - ORDER REACTIONS
R ee———————

: S R e PR 15 M
+ The quation +_In (T, = Kt 4 Tn[A). s con be used b gy

er and o determine ks rate constunt . T -

uhother o reachion i girst o , straight _Line
B -lTHf{t.saﬂ_qn_m_*h_e_.feI& of dhe pnew| equation Aof & STAUGNE_RAZ, 9=y~

lin_which m 1 the slope and € s 4he Y-1i n’rerCeFrE © Fﬂﬂ% 5

i -
| ) r - T

= ~Kt -+ A\, -

! Tn Eﬂlt = l} _ Th [_1 - ¥
| A ‘ -

Yy = m«A + C _

T

NoTEe | For o ,firs[:-orc[er reaction | a 3@(1\1 o[LIII_[A]P versus time \C]‘WES\QFF

stratght line with a_slope of -K and a vﬂ—'m’rerce‘o(: of Tn (a1, .
\ 1 r . . . )

_NOTE » | A reachion that is aot ,Eirs’c-orcler will not ye [d o E{frﬁllﬂht line .

o |As an exqmple . tonsicler the conversion of me{h%l {sonitrile (CH:,NC_’)_%L:
acebonttrile (CHSCN). Becnuse E)c?erimenfs showr that Lk Ls(fifsf on:{grd___
. we can' write dhe mle eclga{ion :

In CetaenN ]y = -kt + InfeHaen)

MQ.HL%\ dsonitrile and Acetonitnile are isomers,' molecules +hat have dhe
Y same afoms armanged differently. This reaction is called T somerization -
N reaction. methﬂl_lsonihila = CHgNC ,
i . Acetonitrile = CHiCN

—

_NoTEs | Pressure can be uged as o unit of concentration

+he loleal-%as lawrz ( PV = ﬂRT;,'HWe pressure is c_li_rg_c;% _ﬁ@pﬁﬁ@ﬂﬂut'
he numbec ep moleg per unit wlume: P = MRT , where h’lg_ﬂ_ww
T = tempecnture and R = -thg_%a& constant B -

e

fora _qas because 4rm.-

. . Y - : )
{\ ?M ?F Jrim.na%urql' “%““’H‘NHQF___'H&_P;@SQE:@F meHnt}l l'gom’rr_il@_fl?@»f}i
time as (k fearmanges tn ﬂjes'%gé—f’h“se ab 198.9°¢ gield s q s{mlgwk
lﬂhose SLOPE. s =5.1 X 10 5-1-'. ‘MS %Uia.t& _k QﬂCl HIEFEE(}_@H'%

mte constont for 4his reackhion: CHaNC — % CHLCN' of 19¢.1°C
il A
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"ﬂ:u,s. -fac.{- -H'tCLE a sﬁcuth [ine ,1;,{3 +he data CDn-Flrmg Ahat The rZL£'g

low 18 ficE-order.

SECOND - ORDER REACTIONS

| A_second-order reaction 1s one whese ke depends on the reactan &

concentration mised o +the second power or en +he concentrations ef

two different reactants , each T firsk power.

Tn Ahis case, feactions of chpo.s A —> Prbcbucks and A-FB——BPFOC\.UCF:

are considered. .

Flrs’chj, reactions of -Eﬂfae A= Poducts or A+ 2 — Pducte dhak

are Second order in just one reactant, A

-l

Rate = - ETA] = k_[&'lq’

at

With 4he use of calculus | 4he dippecential mbe law above can be used.

o derwe meJFolLomaq Lnteqm’cczc[ rate laws %

- —Lﬁt [A]'

Thas oquation has dour mnaiales and any_one o[i +Hhese can be rFounc{ bq

cq(culahen Knounnq e other dheee.

This equq,hon algo hq& the form of a strmql-d: line (Y= nn-%c') I{:-Hu

feackion 15 Second erder, a P[m‘?ﬁf—' 1/["\]!: versus (£) il qle[c{ a

s{miq&‘c line widbe o s[ope equal t K and a Y- m'h?rcePE equal €
l/EA.lO ] ' h .

One way_to ol\s'hnquleh be’cween r?\rsjc— and_second - order mte laws i

\________‘
‘-“\"‘—-——.

N-‘-‘-""-—-_.

e qmp\n oot Ta(Ale and 8/ (Al againgt time £.
Al the In (A1, plot is linear, the reaction s first - prder s LF <Hm 1/0\
plot is Wnear, the> reaction s -second! —erder.

| "_'

B30 Ty o
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(mj’ PAACTICE EXERCISE

Gue 1| The golloing data were collected for He gas-phace decompostfion ¢ gy, -
_ _A@_wcje ab 30'c = 57315 K, NOp(9) —> MO+ 202(8)

B

s
V4,

o ', Time(s) | ,[N DZL(@___
| I ——— -
| eo | cotweo |
Tl 0 | ocotgr |
1 10000 1 ©o.co64a
1",_ 2000 B 0.oco41 |
| 300 -0 0.00380 |

| Ts 4he rmc’cion“ »girs% or_second order tn NO, ?

_fns

f“’\& rgac{-[on 1S 5@_(;0&:{—0(‘6{9{' ;.ﬂ NOQJ, L=

- ng,‘z.] Consider again 4he reachion of duomvégiﬂﬁpn of N0, c\fscu_Sclt_:l-__{r_t_

G
%

The reaction is second @d,e(jnfl\ilolamwit& k =0.5¢23M ¢, %
Anitial concentration ef NO, in a closed vessel s 0.0500M , what

Ahe remuininj__goncnntmfian after 0.500 hours ©
| .

:_Jms:i[ [NO, ] = Toox1o°m.

L WOMOGENEOUS CATALYSTS

A ,CQ,’(F‘l"‘jS{ that is present n the same. _PBGSQ as 4he reackic

[ N

1:* melecules

|called o Homeopnoous catalyst. Examples aloound koth tn goludion and”
e 9ps ?\nuse. | ,

A catalyst 1 there o Ahe glort of '“’\?_fmc{it;l; ywhereas the ‘\n{;tm'di‘l

-~ is gormed during Ahe course of dfe reaction.

|On he bagis of Ahe Arrhenius equakion | 4he mbe constant (&) is dede®

_btj Ahe achivahion enery [Eq) and A frequency fattor (A). A m{ulgjﬁ
__ogpeck e @te ¢ reacton by albfingiht value of ather Eq or A- T

most damatic cotalyfic effecks come fum \owérina Ea .

|
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6; Lo
1 As a Senel’a[ rule, o catalyst (owers 4he ovemll activation enemy for A
- _;lwmka[ reaction. This ls ch;ne usuql[q 'ob\ prbulsmn of a chp{:@renf

-~ mechanism foc e reaction.

< Tn dhe decomposthon of \r\qo\mqan pecoxide ,two successive reactions of
— ,ﬁLO? , wiHa \orom\c\e omo\ —Hmen bromlne '1'!7\149, plqce Bemuse ”HLL&E'EIUD
| reachions "foquu:r cene as o wtalyfic mHmau for hudrogen pexide

dqcemposmcn both of them must Inave S\qmFlcaan ster ac{z uzz'fmn energuLes

T |dhan Ahe unca}famgeoq o\ecﬂmposlhaﬂ , a8 shown schemnhm[lq below:
o

/,-"

/ unca{qﬁﬂsecl reachion

— 1 TN

3 AN

Iy = -3 \
: |Lu AN 1O~ AL "/ ";' \T \
-] EAN AR AR L ST
& L

-@ HQOg + QH;O + Br.z % \\
L o A
l o= Y\ 20 + 0z + 28r 4 2+

Reaction ?aﬂ\wﬂg
NOTE : | The energies of reactants and prducts are unchanged loy Hhe minlyst .
1 I J

- HETERDGENEOUS CATALYSIS

LA Hetemqvemzaus ca’mhis’t exists \n a dt&“efﬁ'f\t p\nase ,me'fﬁ.e reactant

L molqmlgs usually as a solid in contact widh either gasenus reactants or

Lwith reac{:qn'l‘s ln o hqmi sofudion. He’cemqeneous m'\‘a[q%’t's. ar often

‘curnpuseo\ op_metals o metnl exides . “The nitial gep 1N hg’ceraqenotus

cntalus\s 13 usuql(q acis.orp’non of eactants.

kdsorphon fefers -’fo +ho (amclnnq of_molecules 10 a gurface , whereas

| Absor pton refers to the uphll{e op molecules inty Hhe Wnterior of another

iuh&{nnce

#&o\sorphon occurs because the adome or tong’ ot Ahe surface ep a solxc[ are

‘kdeﬁremetq reachive, Aled bemuge +he Surface atoms anal (onS have unusEcl

\J\rﬁmq mpac&tq Ts_unuged !ooncimq capatity can be used fo bond molecules
iﬂme e o 0as or sobu bion phase 1o He SuI‘.FQCE of 4 olicl.
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THE RATE LAW * EFEECT OF CONCENTRATION ON RATE

IS -_H__—_-\H\“n.

Consider the reackion below t
- P _-_h-‘_'—““‘-».H

N, (o) + NOS (o) — Na(o) + Mol

= = e

Because 4he exponent Of [NH, *] 1S 1 —_’r_hg._ ate 8 8 furst -orde ordpr'

NHE . The mbe 1 also ,Flrst order 1 N NO _The exponent ‘1 b o

Shuu)n Qj(plCl'Hll in_rate laws. The overal! ?ﬂﬂChoan\:

the orders with espect o each reactant 10 Ahe ke low . Thu Jmf

ate law has an overmll reaction order op 1+ 1 = 2, and ”rfwgp_@f?

» second ~ order overll .

The exponenfs n o mate lowr mdu:a,fe how +he mte 1 anec’cec( ‘93

the cgncen'i\’athan of each reactant . Because +the mte od which N

rcacts wnth NOy clepenc[o on ]:NHLFPI aised ’ro”fﬂw.fflrs%qaourﬁ

mte doubles when fNH:p_l doubles , triples when [NH ﬂ triples

ond _so forth. Doubli ng_or Jmf:lmq [NDz'l hike wise nluulalfs o
teiples the rute. -

Ic o rake law W second - oer with n:sraec% t o reactfant [ﬁ] A

&ou,lob.nq dhe concentrmtion of that quas+ance causes ~he reachon mbe

1o quac[rup[e ( [27° ‘+\ whereas 'trlph ﬂ +he concenbafien @
Ahe rn,’ce h: ncrease mne{e[cl ([5] \

——

Occassionally , mte lows wn which he reackion order s ,5@9_{1'_9@( o
wen neqodrwe con passulol}a exist . '

The rofe low is given laq . ke =k [A]M[ﬂn

The wnits nF"H\i mi‘e gqnshnf c{epenc( on Ahe overall reachen tﬂ""u
Hhe vake L Lcuu L LT -

The rate low .;or anj chemical reachon mus+ be deicrmme d ﬁ'ﬂfmmmhf
tt cannet loe Prudtctod log merelj 1,,0.““5 at +the chemical €qu® h»r

The rafe law Jor & reachon can be determineo bu uhservmq the ¢ff®

i
of d“mﬂ'nﬂ Ahe Anifial eoncentradions | QF.-H\LrQacta_nef's on A i »
rafe of the rachon. ..

L — S— ._.__,__.,._.....-.r-- =

A _ Rty ¢ e 3 e

e . ——
—-J
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67— =
: 1t 15 important 4o realize that +he rato of @ reaction depends cn the

///,:g_.;;nhahon but the rate constant does ngt.
/J;ﬂm (ate constant (and hence +he reaction mfﬂ 1 afrected Loq

tempemture and by the presence of a catalyst

Da’germini_r_\g*g___Ro_L__%e Law £am Initial Rate Datfa

e b [ The wiHal rate of areacfion A + B —> C was measured for
_ leeverm| digperent starting concentrmdions of A and B and Afe

results are as follows g0

o Experiment Number Cal (m) | [RT (M) |Tnitial Rate(m[s)
1 0.100 | 0.100 | g.0x 1075
| |
2 0100 | ©0.200 | w.0 x107°
| | |
3 0.200 | ©.100 | l6.0XI(07°

ging +he data mwn

do,harmme, (a) the mfe law for the ceaction,

b) ’H'{e rode cgns'i‘a,at (©) the ote of the reaction when [A] =

0.050 M and [Bl= 0.160 M.

fng o

(@) _As we move fom experiment 1 4o ewperiment- 2, [A7] s

held congtant anc(J (81 s doubled . Thas, this Pall’ o enpermmn{—s

shows_how [87) agpeets the vate, qllowmq us—h) c{ec|.uce —Hw ecder

of Abe vate low with respect fo R, Beco.use +the mte remaus 4

r\zo\
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some when (&7 is cloulaleci the concentrmtion of B has no efpect on
the raction mbe. The rmte laws i therefore zem order [3__5_[-_@9_5 Ehig

‘Aour Uﬂ afpects rate. Hnlclmq tel CDﬂS’frxn’c while cloulnlmﬂ [__A]_:

| intreases Ahe vate ,K-‘our‘(!olci 'ﬂ«us result. indicates that ra&e s
proportional to [ATE (that i, the eachion b second order in A)

d
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Rence, the mbe low T

Lowiariel = kAT, T

e

—_—
e
—_—

(o)

Rate = TD R B it

—_—

——

—

{6.0x10° = K [M

|
|
|

16.0x10° = K (0. 04) N

k = |1€>~0>Q10v5 :

004 3

K = 0.004 Mg H

(©) " Rate = k(A1'[ET |
Rate = 0-004 [0.05012{_7).1001"

Ro.%e = 0004 (0 ooasjm _

Rabe = 0. 90001 N\g el

Rate = 1.0 X 1072 Mg | |

- e

/’/‘-

If. :-'I'I
: " A
R ;
'AERMIE
. ';.I S "
ll \ { L A TEE N
. ) [ i :
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CHEMICAL EQUILIBRIUM

) Na(s) + 3Hi(e) —= enNH(d °

Y
-——::-_m— Kc _ [NH:;]S .\
T THITHE “

4

K p_= P”“z <

3

N3 {

PV =z aRT — +he Tdeal Gas law.

n_.r |
| Vv “RT
I _
| |
S T BT P OV N )
| . RT RT

'TB be In Bquthbnum s 4o be in a shate of balance.

'A +uq of u)ar n which 4he 4wo sideg are pulllnq with equal J-Orces g0

that -Hw ope does not move 1S an mcarnp[e OF a S’fch Equlllbrtum

one In which an oloxect 18 at reat.

[Equ\h(aﬂa ean alSo be c{ummlc “Toxe for E'}(ample or (llugtrahon, an

en+rancewaq fo o city. 'Iﬂ +he rate at which cars leave Ahe city equals

H-fn.a mie at wﬂucfn dﬂ\.@q enter , Ahe Aus oPP05m lorocﬁes are m

‘balance , and +Hhe nek numloer of xS In the ity s constant. Af

eqwl\bnum Hhese ppp95mq pracesses are occurmq at he same rafe.

Chercal ethhrmm occurs “when oppwnﬁ reachone are Pmceczclu‘ﬂ at

eauql (ates : The (ote ok which the ﬂroaluc{:s are ,formeol _gom e reactants
maﬁo dhe ate af which the ch+a.n+s are Aormm:l £om - Hhe Pmclucﬁ

AS a_result | concentmdions cease Ao ci'nnqe ma|<m3 +he_reaction "h:\aﬂpear

;-tn e rh:pp'es\ Fow fast a reachion neachp,e, equililofium 1S 1S o mafterof
;K\ﬂ?,‘hcs

] 4
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Foc Jrhq reacEmn be[mu coneider &S KC1 and

\

Koy
T

—_ 170 I-
2Ny (g + 6Ha(3) — 4N, ®
. /
R K = 1 ../""
CE'* KCF H.zf?/
e = H §_
We have ch = ENHzx‘l - anC‘ K H_'—L'\L_:-:_"a\f
(1] (] NoJ-{Ha]®
— : . o ____‘_\\—‘—--—
lore we see thab  Kep = (KC'I) —
- _-__—_-\-——'_'
Consider agqln 4o reachion below ! — 1
- }2 Nol0)+ 72 5- 2@: Nl"(q (9) S

ey = [Nt amd ch- = [NHs| —_ﬁﬁ:
D\Izqy—g'EH%- i [‘_N %1 [H '313 e

e .- y “\ 2
Ne See aﬂc&n dal Kco, = (Kq)

Consider onsther reacken ) .

N, (9 + QL ?—:% AND —#:
QN0+ O, ':__a—:-‘ N0, d
R R N — 'w N0, -
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 New compare the Afieee equilibrivm constaut equation§ -

m a2
//fr Kc, = LNOJ

[N:1(02]

,-""_,j[‘_ Z
| Kes = [ NO, |
— 1 ENG?\ LO“]
|
| - LS
| Kfs =z [Noll
| G RL
] (ALY REFY

N\’ubh-plu e emhbﬂm tonstantse Afor e first bt Steps of AMee

OV‘PJRM e,qm.ﬁl’hbn
K'ﬁ r>< KCQ
[0l 0 = [NO.T
m "I(nT I AP T N
o)) et U\IUJ Yz

_ tere we see Hhat mLhuhrm e eqmbslanw corsdunds fordhe
L\.&rs'f—mo\ Serond &{cpscsr«'lta ovemM ahervuaa.( equwhcm «j(e[ds%

\m lA.lOfllMH q:jﬁe reaefion -

t X T -\I:. 4
b e . , S A K -
L] ’ ™ R —
\\‘—--._J\ - . ' . AW %
L oy N \ 3 e LR AR |
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EXERCISE

HEO Gmci n_o' niregen  © all,ct.uec{ b reach eclulhb

{

INO ) + ale) T=— Net) £ 20y

\

A mixtue og  0:100 M of ND , 0.050M of H,, 0:100M =~

fnum ,

\

g
At e:aluLLLbrEum Nol = 0.062MN . Fﬁ K and K :
INO 4+ 9y == No + 200 "~
Tnitial (1) 0.100M | 0.050 M oM |odoM | T
[
Change () | -ax | -2 x —
Equiibriun (€) 0,062 M [ 0.012m | 0.0 M [0az8m | -
{14 = :E 5 ForaNo: odoom+(-2x) = 0.062m
0.100M -2 = 0-06ZM P
9x = 0.100M - 0.062N)
Ax. = 0.038 M I
% = '0.038M [2 T
® = 0.019
For [H]: 0.050 - Qx _and Jor|HoDf 0.100+ 2% = €
0.050 —2(0.0(9) = € 0.100+2(0.019)=E
0.050 — 0.028 =€ 0.100+ 0.0%8 =E _
E=0012M ] = DY M _
Ke 'EH{AZT 'Kg = K:.(R"Dm
NDI [H?_l K ot
p_= 34358.05 (8.3145X2%) -
Re = ED-D{L‘ﬂ- - Kp = 3435805 (24%3.9680) -
'. [0.062]*[0.012]" . Kp.= 34358.05 -
Ke = [0.019] . (2478.9682)°
(o.0038e4: o, ooomr] Ko _ﬂ%:%wﬂ% sq%éﬂ_%
Ke = L0.01] Ko &« 1%c86= 15200010
[0.000000 55 8] _ Ko = 0.000002255 |
kp, e 34 368.00-FD 2 K.P o 0.00000226
Ke = 38158.05 '

Ke = 9,28 X 16°°
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5 THE CONCEPT OF EQUILIBRIUM

l‘ i R B

. . A/e&ulllbflum Sﬁ’a{e S a mm‘h,ue of reactants and pmd_ucl's ujC».oSe
B i onconfh’ahoﬁg no [enger ctmnge with Hme .

- s Lebs dure for example he decomgosition feaction of N304 , a colpurless

SuhghnCe dhat clnssoaateg 4o form NO, | L which s boon.

a ﬂj&gmuse the chemical reaction eacurs 1n a “closed system ,the reaction
will eventually reacly equlhbr{um

i ’ﬂn@ s,.olulJ N,Oy 'V'Clpt)u(lSES ag it & warmed above s l:mlmqpoln{
/’j\:ll 2°C =294.35 K) anc\ e gas furns pmqressweh{ daryer QS'—{'B\-L
f_CoLourless NO,. qas dissociates nto browon NOQ qas EvenJruafh;
| leven "kuqk Ahere i¢ shll some more NoOy in the Jm\oe the colour
stons qd:l:mgclarzer because the system Teachese equilibrium .

We are Hen left with an eqml\lonum muweture op NoOu and NO,
Imfu_c(.\ +fe concentrations no lgnger change asg dime’ passes.

-

| NaOy(d) = 2N0.(®
S _ colourtess brown
»-M___; In 4his case , oth the ,&rwqrcl and reverse reacfiong are Qfementnrq
»hfenchons ’Therepore he ate laws for elemenf‘am reactions an loe
L~~H__1).1Tl"(‘fel\ _fom "H‘\Elr‘ chenrucql equa.*hnns

— F (fowadd ren)  No0,(8) —>. 2N0(@) ; Ratey = ke [N60AT

R (reuome ren ) 2N0, (9 ——> N0y (9); Rate, =k, [NloQ]‘

M\’E&x S
M equllu\onum the rafe at which DTO&UC'ES afe 7”3({'“9@‘; ffﬂSm feq@'FﬂﬂfS

\%% mte ob which reactants are prbcﬁucec[ frmn fmcﬂuch

’k',r [NOgl = ke [NO. |-

T P __._ﬂfQENEFJ_ _Iqe,qr.‘_*{bn reverse reackiim
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V74| “Thermo CiLJz namic _EBC‘L&L[L@M-;'—- | M

AG = AG°+ F{Tln@ ' :

M
O

At equliorium Q__z__{é__:__ég*————'-———

0 - NG+ RTIaK. -

NG = - RTInk

R = 3.3\4-, Ko =09ases and Ke = solutfion.

"p\ = 831 T.K ' mol™ |
Whea Q £ K forward o
Q@ > K TeVerSe —
) § = K (Equfbl*\’ﬁum) equul hence Nno sw{;)(egutrec{ —_
E—

Raarrnn%'mg k{: (N20,7 = ke (N0, |* 31@5__ )ffﬁg_,go_ly;wm%_ equabion . "=

NTe
1 - e — - S — r—— -— - e ) ,.___--L- -
(N 1™ kg B T
= = '—- z a Cons'mn% » -
‘E‘NEO;-]“"“ Ry T
— giﬂ HBTE
NoTE | The quo*wnt Bf 'hnb cnns'hnﬂ sucfn a8 k_‘_ MJ L( N 18 lkse[e, acon -

e re— e

A
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0

’Thq valye ef Hae ethbr:um congtant ANGE 4h-S x Ip?* wfucb. [

~N_—

very Imq a fanue 'tefls us dhat e numem&)r an e ethbnurn

N

K/!l_co_sfl—an% Jormula iy larger than 4he denominator . Converse

fen |
the value of he squilibrium constant 1 small , say 4 (E»><JO“'2 |

C Ao dells us dhat he denominator of the equi hbrLE)Lm wngl'qn-{: ‘
q .E{)l‘mu[g, A U;:rﬁer Ahan -fe numemtor. "1
‘w——-—— ’ﬂw e%mhbrmm conttand ,@o-rmu(a [ O.tﬂfeﬂ lﬂ% \.
— e

| (A" (B]" reactants

L lufore Afe ceacfion equation is ¢ aA + bB == cC-+D.This

¢ called +he Law of Mass Action.

“Thus - at equth\anum the mbo of the concentrabion 4erms invslul nq

He reactants and pm&uds N2Owy and NO, , equals a cons*unt

 |“Tms constant: is ml\ed ainyy -Equl.hlanum Congtant .

At equilibrium -the ki equqls a_specific value. “Thus, L maKes no

'cQLGFemnce whether we start with NeOy or witlhh NO, | or even widle a

mixture of the two. Thus, again, there ¢ an mpor"mnt constraint on

the propnr-hons of N, Oy anctj NO, G.L'equlhlaﬁum

I¢ +he composition of the equlll\arlum mix‘h.lre remains constant with 4ime

i does net mean , however, that N,0, and NO, stop reachnq On e

contrary ) he equll.l.laﬂum I8 Aqnqmm

;._PSQIE * | Tor equilibrium vy occur | neither reactants nor prducts can esct;Pe
S lgrom Ahe System . |

/E i:;:;ihbﬁum o Dar'hculqr m‘dlm of concentration dermg cquql& Q

/L"l‘?_’[ﬁ_" The equilibrium _condition can ke reachecl _§1om_ Pl_%-fm;; cliret;f‘;o;

Kc_z

Eﬁ:.lﬁ{ﬂ‘]k 18 cq“Ecq "H'u_ o.quthbnum wns'lan’t expression - for

o particular reaction, |




26 LE CHATELIER'S pPRINCIPLE o
_—
- Canu:[e{ tfe equo.{‘tens rePrtSenhnj A!ﬁﬁMﬂo\/
c[wzmthlllj =
Ry
— 9 5. —
N, BHoge== 2WHay -
ey
— > 2 Lo
H;,_m-i’ Iq,fq ———— 2H_1[5) 2 o
__—_-—‘\
PC[SIT_:—— ?C‘g{s;;!" C[z(s)_ 1 > ___—-_““:
®| Concentmbion

Foc_equafion inumber ene, 1f we increase ~the concentration of 4,

qas mhbqe_n o reactant | Hhe equi librium congtant eall Moy 4y

: ﬂﬁz nqln’c Homeuer He concentrafion of ammonia «(NH Q wnll an

mcrease so dhal Afe eqm“ortu.m state s reached qqam dﬁu

Aime the concentrations oF fhe species "R:L\-(mq par-f: n 'H}\.Ls cfumlml

Hreacflon wll be- c‘nPFerenf fom —ﬂwse at the beqmmnq Alsp A

—

e

s eautu\onum constant shall net chanCl.E. unless r?"(‘m’fwnpem*urﬂ b § s

¥ Clﬂaﬂq QC[\ i

Whea™Hee cmcvan#mhoﬂ of AR om&uc?s 9 mcma,&Q& e equilibion

consfant will dwpt 1o "fﬁehfi{; &,tmLar\M the squnzm wxll b

0?_?099 Ahe e{:ﬂec{: ancl e o_onccnft‘m'hfms 0(: dfe chd’qnh _u_n_(l_@[}-.____"
Lncrease, so fH}m,@ e gamhbrtum DDSt’h'Dr'\ v reached aaqn: ——

TE o

The subseript € on Hwe K wn K. o\tm{‘-_\gg Aol eoncentrochons o —

0 e@resse& wn_molartty are uged o evalunte Ahe constant. [

k.:, 1s_4he numerical vale obtained when we cubstitute ch.ulL‘oﬂum S

- |concentradions- into. dhe gqullzt‘ﬂﬂum consfank &ﬁ(lmgglon S

__—-’—‘/

For dhe Haher process er equthbnum _@nyffmt explession is 3‘ son b~

K. = .
b N {.HT\ | "_'/./P

LNﬂs_l &
.‘.\.‘\-‘\-
e~

ﬂnco_ we Know the halanceo‘ chemical equati Y
brium  we 09
the equilibrium — congtant expression i?f; f)aercanic ?;‘,t_ﬂ':m;; g’ﬁaa/ﬁh/”ﬁ.,

mechani sm . y : )
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: O PreSS ure -

[11—«*”’F K.

! | il [:N Hall
//"f— (N=T[H.T°

/"'/—P n = P __Mmole fackon _
//, Vv RT RT "ﬂptnfnl

//rParfha.i pressure = mele fmetion X Pae
//\—E;ngloﬂemhon DF cfmmlca{ E%ahm ‘2 we know Ahat Hhere wall _
'be, no_shift DF"'HM'_ equilibrium constznt 1f Hhere 5 no chanqc T
fop, numloer of moley ofi both dte readtants and pm'ducf:s Tn other i
_/’_mei,o pressure il have no EFPEC{“ oN Afe #‘eachan stafe or 4 _-
| sequLLtbrlle cengtant / quﬂf‘lsrr[ Tp pressure u increased , for equafi
|ane Ao e,qulhlaﬂum Shl{-“h o He \"LQ’M‘: ‘."
l’ﬁwm W no c,lnanqe w_equiliborium poﬁ'hon 1f Ahore (s no cfane
Hn a3 numbar-of: moled of eitfler He reactants or przr:&wz%
1 3 i /Te:npem’t‘urﬁ.
| Incteqernq the f'ltmpo,m:fum of an_exothermic reacfion , 'Hu: ethbuum ]
| S ie,hl(:fh_, o the. lapb ]

i ~
l -

—

-

———

L 'Ink = B8 4 A4S

l\\i e Sl e (5 N

‘K’[—hﬂ eq'm[nbrlum con.thme value 1s reduced lm mcmasmq e ‘
“M@Fﬁi’uw - e
'\Jncm&smq e ’fEMpam'f'urE of_an encro'f‘ﬂemuc rmohon

T—1 A Lo (Bl = L

'\‘\Imreqs:nq Hhe fhmpemrfure ,pauour: the endothermic reachion .
l s "7 |
:il { N

N
/




)7¢
@ | Cata U\'S{?S

Cq’falqs'fé affect both e ,corumrcf and Ao reverse reactions 1a Ay
same woy - ’ﬂheu a(!r.‘ect nen-’rﬁer Ahe Posmon of_ec Qfl['_g_[_[l_bﬂ_u_n'}_ﬂ_o_ti@-

vakue of ;‘rﬂa equLLLhrmm eongfant . |
IF 4fre ,Corwarc{ reachion - 1 mcmqg&c{ bg[_fl 00 to bu 2 cata) \:IISJI j_ﬁg___\

]
reverse reachon will also be LnGmSQO 173400 % . — |
W0TE o | The eth\onum congtant e;chQSSLOH depends on\g on he Sb“hwmﬁgi’

Ahe rear.hon nok on (ks mechanlsm
lv1E @ | The value of the equilibrium constant alepenc[s onlq on the particular

reaction and en the ’cempem’cum
At any qlw.n JcemPeru.%ure, 4he value of the equtu\ormm Comhnt does n.g{

&p,penc\ &, i initial amounts of teactants er pmc@ucf:s Tt also does nob
: mqk{:er whether oE{mr substances ar‘u:resen{: as {onq as fH\eq cdo not reart

with o reactardt or o pmiuc’c

Eaumsmum CONSTANTS IN TERMS OF PRESSURE , Kp.

When ’Hw, reactants and nmlucts A a chemical reaction are gases X
can_gomulate the equilibrium - constant expression N terms of parhal
omseures instead of molar encentrations:. - _
When partial pressures n atmogpheres are used in the equililorium - consa:
expressmn qu_ can denste "l'k?_equth\sﬂum constant ag kp (where dhe
subscript ' P Stands for pressure]

foc o hypothetical chemmq[ reackon A +bp — — cC +dD ,—IImﬁrt'@lL

erpﬂzseton for kp g2 - R d - -
Ko = (P —— —
P -5 where ?A-LS_LHE.../“‘

[ o Yy i

parhal presure of A in_afmospheres ( (atm) | and so0 forth . for emmplei

U.-EO\' Np__Ou. Cﬁ) \—'__—-_—_b ZNDID we have ¢ ~
2 - o~

AR -

NQOQ, ' ok i r_/m
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| He{:erosenous E gcui!,ﬂ)rl' um
_ S S O,

| CaCl, (9 == @Ls)"f‘ COs

I K. = Cca0l(co)] | __“—-——————
E Ca C.Og ] !

| s EKPWS@-W’H OfF equiltbrium constant is wrong, not

correct for Hus reaction.
Pm[oahh\ becaugv_ C0s 18 a qag and the rest of Afe species are golids,
flow do we express e concendration of a solid substance ¢

Concentrzvhiion [ﬂ N/y = ™/ My
Vv
- m 1 .
= x b -
v el density /Mr ]
wheve My = molar magg 3
M =z mags e
V' = Volume ~
N = number 6 moled )

—

)| Rememloer ,@or aases, and hquro[ +he c{ensrfq 18 net congfant .
\Solui& ai*e n.ef 'mcluccgcf n 'Hw, eqwh(anum Ex‘pﬁeS‘SlOn

—

i Man equlhbnq such as 4he \wqelmqo.n anT‘oqen ammon(Q ystem ,
_muo[ue Subs'funces all ‘in the same phase Suck equiltbria are m!(ecf

i k0nrwciv‘zmsac:ms equilibria .

MUer a_pure solid or a. pure bqutcﬂ ts nvolvedl in a l‘\&f@mgengoug
M\mum L{:S concentm.hon s not tacluded 1n dhe equilibeium-q (t\ngfqn{-
\sp_ressmn ,For Ahe reachan. e
Thus, for ‘a reaction lixe: PbCl ) == Pp*" (aq,) + QCl Ccth e —Tl

Ng\m\hlmum —constant e)cpressmn 18 q\ven below 4

[P (e T

—

T
|
i
|
|
|
—
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ACIDS AND  BASES

An ancient clefl'-,nfaﬂ_OMF an acid. was Ahat 1£ was Ssur_% -

that of o bace ums thab Lb ums bitter. =

THE ER@NSTED—LOWR‘F DEFINITIONS B

1 ~ \‘
Tn 4he Bronsted and Lo%__&gfim‘hon oF_a’chs_omdlo_%f

. T j
hudrogen Aon 1y called _a_ Proton HY ).

L donate a on -
Ta rlﬁ'g. cle(lifn[rﬁor\,, acids are substances thal de g,ﬁ?%

hereas  bases are subgfances that accept a rston . —~

Tn other words, ac‘fci-‘oa?;e reactions were degined. as ?{Ofm\m&#

p—

reactions . —
- + & s

weL  + H,0 —= HO0" + C = -

acio| base actdl base -

CH,coott + H,0 =—= CH,Ce0” + H,0"

P

acta base ase acid

‘ T Gjugite acid-bage paiv ]

8
NH, + H,0 — NW.° + OH-
;L-——- . P

1

base aud | actd. base

N—

I ¢ o —, e —— 4
I onJugate Geid=base saire b

L)

Prton donors as .acids and meon accef:‘cors as lases., -

21| Qubgfances Ahat ack o behave \obh ag boges and_acids are: gaown &

—

_{ Amghipotic. E.q untec (H,0) and: ethancic acid ( i CooH). 48

AM Mo Na C_N‘HQ )

Acdity intreases QMM h ”eme[g;““;nt < (o @;}'_

—_—

tooreases 28 U gpreally dsest woiing fom legk 4 cight tn & o @t
?Q,E\odlc fudle., gy, L | _’/

e ]
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| THE LEWIS DEFINITION 3

184

:/’ cwro‘mq to +he Lewis c\eﬂmhon, electsn pait donore, are called

Q bases whereas  electmn pa\r acceptors are acida.

//’ ‘|\'!H3 i H+

> NH.

2| Ammonia 18 a lewis lbate.

| il Kc

= A0 |[CHoCo0™]
CH 5 ConH! [Hon |

Ko = acd dissoctation constant

CHa(0OH —= CHa(C00~ + H*

- Ka = |CHaCOOj| H* |

= MR e 1
i, Hq,o = W o 1

~— | Kln = LNH }[OH—

—— {,_NH} __

\_____

"\

% quds are acuo\s 4hat dissociate comple%elq vn wader,
‘KStTenq bosps are. boses Ahat dissociate mmplE‘fe q wn_walber.
WJ qcmls afe actcis +hat &xssat:m’ce_ paﬁhq“q L0 uﬂ'{Er

W hates are lages Ahat diesoclate (oaerqlLL\ - water
\\] ' |
L’.
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J FDF omphtProttc cubstances like wat

K =

Auto 1ontzabon b

1a0 + Ha0 = 0+ OH

(H,0" (ot 1
o

= - T
K = k(101" = (1,07 1(oH] = 107"

or, H20,

' ; N T
Thie W the autolonizatien cnstant (Kw )

—ﬁ\
—Hw_j algo chggogq&

-

\\'d-

—

w = (i 1lok ] = ﬁ““:
(w*) =[or) = i
K = 107 = «®
*= 107"

-L05EH+1 = ol => oH=

-leg (1.0 X 1077]

p =

T+ of water.

LQFGPI ’H\Q QQLLLL\lOﬂum constant . "Hw .SJn‘onqer He auc[

I
| WEAK ACIDS _
ll _
oy L
— M — kK +\/3m of dissociahon -~
] -
):—r a 0 O /0 O( Sy
¢ [-ax [4+0d |+aol > _..f/ _
Jj— al-4) ao| oo | IR
| _ .
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o (1-d)

% Kq : (QD{)Q.

PH po%enﬁa[. -.H'HcTrbq e,n)

I er acw{l’cq of a solu’aon

PHo= —-Loq [HJF]

o | Lower” A—D\a pH - ﬁtronqeer%e auaﬂ

2 quker A pH '%Jﬁronqer Ahe. lpase.

CD\'\CQ,FI'{T&‘EECP G.UGQ —>  amount cf QCIOQ
: SL‘rbnq qow( ——-s ' dissociabion "y

V\\mu ac‘cf -——':wnchssocm.hor\

DL\A{'Q acid —> “amount 0(1 acid

i :-; ‘I foyn, o0 I"-

r\'t

'The hq(ner wa. concen’rrarhan +he sh’bnqer%e acid . . )

K J CH”i[oH l = (oxlo™ 1 T ik

-l-HA} ! -.—.I KW “

[oH"]

——

= --'CD

o
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13| STRONG ACIDS AND BASES 211
\Slnsna acids and Lsases are strong ngc_h;obé{:es e_‘ﬁ@% 1n An aqueous
sblufion entirely as tons . There are relatively feur common Sﬁ“‘;“)ﬂ
acids and bases . _
Sjcrnnq Acu:ts
The seven most common shong acds wnctude Six monOprohc acdy
(HCL, HBr  HTL  HNO,, HCIO,  and HCLOg) , and one_diprotic ard ™
(Hosom\

- NOTE o |Tn aqueous solutions of Sﬁonq acide . Adhe acids ace norma\\q -er on
saurce of HY tons. 1(: Ahe cof\cwen"wuhon of Ahe acid 18 10 M of [e
we also need mnslder Ht fons that result from he au’cmon'.za’rim c&
1,0 (wmﬂ Nor mally | tfe concentmbion of Rt £om o0 w50 small 'HuL
Wk can be neq\o.c’c&l

» [For all Bmc'h‘-‘ﬂl pureoses , an aqueous solution of HNO4 consists E
entirely of H, E)+ (W Hﬂ and ND ons. (Since it s as'rfmq acd A
g Wk chssoum%es mmpbebe[q\

-

/

~ HND, (aq) -+ 1,000 = Hy0"(aq) + NO, () (Cnmplel‘einm'zﬂm_
. Thus |, sxmph{?qmq Yhis equahnn ,GorrHua wnizakion o HNO, amcl u:ehau

HNO () ——> H¥(an) + MO (aa)

——

~_NOTE » Colculqtmq A pH of . Solutien of a s’rrmq mongpnhc auo‘ 0y s%mL
,Gorumrci because EH*T equals the 0nqmcﬂ conceg'!‘ru*\br\ of. the acw\

Al In a 0.20M soluton of HNOQ(qu or_example, [H‘*]-“—[ND;"]?—O-?E‘I':
~ Queston; An agUeoUs solution of HND3 has o pHs of .34, What s He cencenhmﬁy!‘:
0!?- "Hva o.uc[ % | &
< Ansuer: HNIL;—') HY £ N0 3 Wi T-(wor = i
pH anlig 03 (ut] oiea - i
. pH‘ 2 locj X = 2.%4 I .

~ e fx = 1%1 2.9% e -
X = 0.000570%8 | —

'i x> 0.0046 M T —
| . 3 )
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6tronq Bases L T AN
.]i‘é ('ﬂ-lerg roladive g o\,rgo_w common \aases PHm.F: ace s,"mm 'le. WIOS‘? o
common solublc -Shbn\c] bases are he tonic hljclw‘moleg Of +he a[ggb —
" linetals (qroup 1A) and ke heavier alkaline earth metals (3rouP ?A)
_ suchas NaOH , KOH and Cq(oH)z “Those a:mfaouncfs com Zofe@ -
'_ .;Jussouah? into Jong chiueous soluhen . Thus, a selufion lg&ﬂf_’f{_
""ﬂ_o_s_pm NQUH conslsts DF 0.30 M Na+('aq) and €. SOM OH (aq_);
":# Hhere_is essenha\lj o undissociated NaOH .
— NaOH ——> Nafyt+ OHlm)
il [Na”’j = [0H“1 = 0.30 y 1 a cage where dhere s 0.30M
- of NaOH (ag) solution . )
whon & Nhat is 4he pH of a 0.0011 M Snlufhon of Ca(OH')a
wwer , CQ(DH)Q —> Caﬂﬁq) + 200~ (a) |
[ea2T= 204" = 0.0011 M
2 [0H7] = 0.00lI M
Cot] = 2 % p.ooll M
(o] = 0.0022M
CutJfon-1 = tox o™
(7 = roxi107™ ]
. 0.0022 ]
. [HY] = 4.%4545@ x (07" ] i
= balni] ——
PH = ~loq [ 4 SuSESWSEs X100
- PH z ||, ’BLJ—QLI-MGS IR
- p ~ 11,84 R _
—* | The_most: common of ¢ s’rrbn%l\j hmalc sotu-lmns lhc& are mmh-cl lnj
~_[tectain substances that react widh umter o form OH (aq) contain 'Um ,

oxde ten (0%). The 0% reacts with water o form OH7, leauin virbually
no_ O remamurlcj w %L&bh&hbn : Oa Caq)-I'HaD(_l) —7 QOH (ﬂg
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Neutralisation Reactions

36

= 1 37’110
Given +he concepfrafion of NHgCl solub solubion ancl Kh :Emcl Hv,P

0.1 M N8, CL solution , PH=C

- = . Vo s
Ky, = 1.2 %10 -

——— e

cLl”

NHq.Cl == N'H _’L____.___—————,‘ —

,I__.:..-a- + - T
NHgt+ H,0 == NHs + H50 -

ka =i __K“T
- Ko

K fFor a_mcgl K[ﬂ tFDI" loase Kw- = rgc‘r woter

K ssexlo

NH’:—T{; (o i’N“i'. ; : H30+ |

E 0.1 -«

ﬂ
[
2
=

N T 71 —

—— T

5,56 ?(10-"’ = OL'L _ —_—

| 0.1 s o targe a5, ¢ e

.,.' (ﬂ'\ef I
P:FD e, -0.1. 1w considerod aLor\e no

pmpam& Jco 0 l-—-'x e 0 ‘

e —t —

l: - \.n
e X1O M 35 Dl 08 Ah ~Hne. c[ennﬂ

. ) —-—_________——:_.____-_j PR
. _:f'ﬁH_.,— B A 0oty W A R E
- ! = | i .
' - ) P .
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187 | "Eppeck of Slracture | 14 ¥a
| BgF . - Hel Ner M
L] _—S’n’_a/ T c&cTasf *'mu .
nae 1! atron \ 5 "
I lom?ct R i ‘ml::o'rift'
—_ | _[\,_\J_éa‘lh{_?cid)—_" S ' (sh‘onﬂ aci({)
@Weak acids ipnize Pq_y-'ljig_‘_d_gj_Iv{_{(_ﬁ_[_fc;; 5( rillo ﬁlqmcﬁ h of Yheo- bond s whiely
require_much onergy {o boveak .
" v . S
_— Ox:ajamcgs — )
CWRARBRES o
RCLO S )
RCLO, e i
| HCL O, S B
— HCLO.. v st(onﬁe&&t_ e, o oo
NOTE o [As meore e[er.h'one%q"rive elements appear n_an "c\,g_i_gl“_,_ffj;__mp(e F;_l_tuj
l the golubion will ‘be and’ hence Ahe S{_rp_rxger“ﬁ-fm add.
| A molecule containing # will tyansfer a {vn__gn_lvj_'![-__»{_I_n_c__h}_\’_—k—_} bond
| s plarized vn 4he followigway: H—x . o
a /4 S—
—|Very &rng bonds are less eamlgdlss;czairc_l iﬁliﬁlx weaker ones . The K—F
J -
«—_|bond 15 Hie most ?Q-[-o‘r H—X banl-H__\_lF would be expected o bedhe
—__|&ongest _q_c_i__glﬁif-___gnl_lj o_(cdmnegaﬁulbnggns all Ahat matterd. However, |
—___[MF has dhe Hﬂbl_?_@l_:@@ﬂgﬂ' _girength_among he ]11|c|1bgon halides. (ensequendly,
L |HF ¢ o weak add ,whereas qll Ahe other hydigen halides e shing acido
“‘“———-—“‘ WAL . ) R . | | :
H_MSL,'_&@_%[&W e stability _Q_F_“_{'_hg__;p_njggqic bage, Ahe shenger the ‘acml :
ME_L The strenath of an mcia_ 18 _combination o ﬂ"_:},‘l[@.‘.&..:f“dm's L D-he Pﬂl‘” {.’fl'ij of
E the H—%X bond , @ +he strength of the H—% bond, and @ Ahe stability
o |oF dhe conjugate base, X" . ’
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. BUFFER SOLUTIONS

-—

Rurer_solutions are. solutions Ahiat e

o AGle

Basic

Common - Ton E(EF_G_C_E__;__

_CHsCOONa, = CHsCO0” -+ .Nat

1Y vy

CHaCOOH === CH,C00"~ + HT

et a c[\nnr‘v n ~fhe r“ .

¢ :
r '\ JI
-t 4
. ;
i, i
- o
- 5
~j

e et o e s e e

— e
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N S E—
(CH;CBoH] — {5 N
[cH; 00" Jeq_~ [CHacooNaT iy et
CH A . .
l— 3(:90”] &g, [CHBCEOH]JALHQI
ECHgCOOj[H*] [CHs COONq] [H*]
ka g 7_: ' s
L CH5 COOH ] [ Cts Coot |
AR Eetzcoot]
[(CH3CCONq |
, Fetzeootl
log (8] = -leqKa + (-log—=——"——
S I U . ' T [LH3LUONg |
—— Fred]
= pKa-— log
I S Toomugete Base |
.I. 5 i . 2 q
& ol '+‘-"[oq Lunlgﬁate Bace |
— o) Eﬁtfcll
The Handuson Handbateh E%uahbn PR
3 Lyres Hen&g(mf—'- HQSSQHMICL, r‘L:C{'Lti’.lff'{(’)‘ﬂ L ) o
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10 B .
O < = [Rawe] 4
BOR - - ~[Conjugat nJuﬂad:e Base |

[Corggie B ]
ot by SRR -

1]

) I f_‘ T T
= oK, + log qu —~
‘ = [Basz] \_,
. ) TR _\-—-—
PDH’ = !D Kb ESﬂ,lJr:'_l [BQSE’. _______\\:
—_
s l PKO« i 20 . _ =
| FK:G SRR - ' A

Eecause CO_JQ%QEC actd base Dmrs kgtargﬂa Common '10n We can use e &][[‘J
D\’bcec\lures to_caleulate dhe PH of a buffer dhat we usec[ o 'ffeaHﬁe(m
o0 effect . towever, an altemate appmacly 1 Adaken dhat is based on an
equoion Hhak s denueci From [H*'l = Ka CEJJ .

Taxing 4be neqahue Loq of LooH}L Sldes of [Ht]=Ka == Lg;"-ll ) e have:

~lquH"1J = —log ( Ka,tm = 'quKa lbg CHrl e

<7 vT¥] _

olt = qu-—[uq C"*ﬂ Nt JH*«
]

. "UC‘QN’- Cfaase] anc-[ fﬂf'f‘] 'Ef‘r

J'%Emuse —log L2 PH aml ~ log Ka_ = qu have N
( ’H)\O. Gﬂul(lbﬁum ('onmmhﬂwm rf

ptt = pKa + lng .[_-i‘,:*_

] [b sﬂ-——ﬁ Ahe adpuate acid -base P”“' -

/ (Lpo) Pka, + [0‘1 {mcf] ¢« When [bage] = Caucll l’,-—P”
geluhions”— *-—"///
} A
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i N
o ol NEA': ACIDS .
!m;;s’c acidic_gubstances are weak acids an fally,
/"'l " lionized in agueous _solution . Lo e m\j_‘mh%':
 The, eqml,donum constant ~for a weak acid can be used
//g;_nb to which @ weak acid ionizes .
o | A aenera( weak acid say HA , can have g equation Lor aenization
|reachon written wn 4w J(lol[nu}mq ways depenc[mq on cohe’cher—iﬁg
thudrated mo{:tm s !”eprtaSeﬂ'{Tza{ as H 9 (aq\ or H+(“4)

5

| A (a) + B0 —> H.0% (ag) + A (ag)

to express the -

/“"I_ fAag) < K" (ag) + A (aq) N
ﬁ_j___l_BEC&USE. HoO s the solvent it is emitfed from the_equillbrium — -
\constant Bxpress\on as either : 3

— . = LOAA] . K. = (WA
| [HAT (Al

| As the 'um-proc\uct constant for Ahe autoienizabion of water s ,the
leubserint en s eq‘uilibrl um constant 4o indicate +he-t3!3e ef ec{ua.ffm
to which W corresponds .

Vo]

(hATl LHAT ‘
(“\L Sulascrlp\: o on Kg denetes that & an equlhbnum conshant for
£ 'Hua wnization of an aad |, , S0 Ka & called He At:ol Dissoctation

r—

1
i To = o T - WA

— ' | censtan {7
|

JL\\___
ANTE » | “The mqqm"cud.e of Ka ndicates the ”mnc[uan of He o acid B wntze
m\\__l water. "ﬂm \_qr%er‘ +he value of Ka the -stronger theadd.

0 T e T e I
'\("ulcululanq Ko from o0 R
\Pm{mn Hansger reackions are. er\em\kj um;}m\: yas a resulb the
Lkmmsumol or caleulated PH {ora weak acl ah:omés oe?msents an
’*\Eqmulmum condifion . [P f—

\

'\

\_
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\Y2__Question: Nuaein, one of e & Uf%qm:‘nsl_h@__»}@,{aﬂmwt}? mdem@,,/
Shructure: - — 1.

- L

7 /Cva*H :

( ) -

e

A_0.020M solution of niactn has a ptt of 2.96 . What isteacid— —

___,__—-'
dissoclahion Consfhm{" KQ rfor niacin ? s
Answer.:. . -
At ) r
Reme
AT . —
o ] I
. -‘-“-"-‘-i—-
3] ___—_-’

\

g oo

/
/
/

\
:
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|

\

V)

L’-'\"\ \ \-\ RN

_fg_(c_egt_ Iomza'hon -
| The maqmtuc[e of Ka ndicates the s%renq*Hm of a weak acid. Yet
a,nu%fmer measure ef acid shmq#& 13 percenf wn:zahon Which U
de@ec{ as ?ercertlc fmmeaﬁan = _(oncentmtion wmzeaf AN

ortqtnq.[ conmn’fm’hon ”

The shbnqer 'Jrha acid ,_the qrta@er ks percen&aqe of lonization -

For any. acid ', he concentration of aad hat underqoes Lonizadon

=
\%
=
[
o —

equa(s “Hhe concentradion of H (aq) that forms , aqsummq ot +he

bolonizatibn of unfer i neqhh blo.

[eF unnzcvhon oF CLC|C"—1 H*]

Thus +he ﬁerc@nl: mmzq'hon for an “acd HA s also 5ium laﬂ'.

Percefﬂ:ion:izafh'on L= [H_*,Jec[ui[ﬂoﬁum =< 100 a]h
| I:»H A] mitial ; B

Quesfisn: A 0.035M Soludion OF HND, confains 3.7 X 107>M H'*(q)

CQ{CH fa,‘i'E I/{'S PE]TUIT{- 00 i?ﬂ’h on . e me— e e

= [Mequtbion o jook

p Percenf ' éoni?aﬁg?_L = ——

. EHNO ]:m'flﬁ‘,
Per'c;f'ioni_z_-:t-ﬁ'ﬂm__,_?__ 3-7X10°5 M _?f 160 7o
b= o = _ D. 035 Yy

" Percent_onizafion ,;'f__ U% FOR LAV CIUE I Vi1 A L1 SUN——

Scanned by CamScanner



Usi o (culate PH _
T entration of the weak ad

Knowing dhe value of Ka and the inttial conce

9 : ‘ .
we can caleulate He concontradion of Ht(ag) in a solubion of d ueak aciq

Calculate Hhe pH of a 0.30M solution of acetic acid

| Question: J . —
CCHyCO0H), Fhe woak acldl mmsr/bfiﬂ’f{w characteristic 0@_@'
l O_Sl .

and_acidity_ef vinegar, at 2§°C_}_3'IVEH Ko = 1.8X]

Answer : The ionizaton equilibrium for acetic acid @

CHs COOHp) == HT () + CHC00~ ()

The emllil.ibﬁu'm _tonstant expressien and Ae value of Abe em:

K., = [#t](cHsco0] = 1.83%x10°%

mns'fﬁnlf'are :
e ) [ cHs coott | - LI

The concendafions: nvsfied in He equ,fu&m'am eq‘uq'h'on are j{ua_n in

dfe table ef I:,C',E- -

= RT(w) + CHeCOD ()

— CH4C00H (%)
Tmtial (1) 0.20M -| .0 0
Change  (C) - M X M Tx M
Equilibriom (€) (020-X)M.| M. o M

Substifuting the equilibriun concentrations info e equilibrion=

lconstant expmsgfen; we have :

f

; o = CEJCOHCOT. o &)x) = 15x0° -

f [CHsoot]  ~ - (pso-%x) .
’ —— e — sl
[ Ko o= ™ lgwre ™™  +
| (0. %0~ %Y .
— e ———
: x® =" 5.4%)07° ~ 1.8%10°° % =

X+ 18XI05% — 5.0 %(10°° =0

[Gelve dhe qpuqcfmfi e pquabion rabove so asty obfam .

l
i
@
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ﬂff"f = b7

| b°— ac N T
s L ijg_f ”/(-r 8% 10™°) = ¢ (1N(=5. 4% 0
/T’ ) -
//’5’_7 ;
~ Tx = -1.8%10°% 0.0046475%
] 2 ;
— ] _ - |
o= “L8XI0TT+ 0.00464#SE  or o=-I'gxI0"- p.0oRCrISE
] 2 . - 2 )
— | _ ;
= 0.00462958 Here, ot s not qpplicable
. ) B lggcwe s value furng
_ lw = 0.00331u71 out 1o be negative wt.icl,
x = 2.3 %[0°° i mot Abe case widh Hoe

conceriradion phange oy ¥
H(ag) and CHz0D (3).

’mm,pore, now % £H+J= 2.3%1072.,

R Hence +e pH of 0.30M acetic acid can be caleulated bq

ol ofl = {oq [Ht]

ol = o[ 2.31579 K10
| ... pH= 2625188409
e e, l:)H = Q. GLI— {'tmwer).
o MR b

~_ | The percent ronizafen of_CHs COOH 2 given by
' | ] '

K}\ ‘ o J |
~ ferent o 00023 x 100 /s - |

\mf’hﬂn ar oo 0,30, i g ' ' —
\‘ ercen'f tonization = 0 b __/j_' : - R
\\\\_iﬁ winares K
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_ VA_S_CI_ _aenﬁ@_[ tu_[:?, ,—iF 'Eh.é._‘]’u Q“{‘EH
ualue it is better 4o use dhe quadratic formula- .
| The stonqer he acid , the _ZFQS_f_Qr*ﬁ%LU:E?_PE—@mMB@/

h

—— .
x 15 more han _a,loout s/ DF ‘H“‘m’\ /Z
edic b ——

- NOTE o

| species . :

|slower Abe mte of reackion n which 4he weak acid part of »}%;/

N—""

_The porcent ‘onizabion for a weak acid decreases as us concentratipy —
__tnereases . Thus , the concentration of H'*(g_q) 18 not ohrec%\f
g

F@fpr'ﬁona[ A e concentration of dte weak acid..

For eKnme_[_g_)__dp_uBUr‘? the concenthudion of a weak acid| C{Q{J_S fln{’dgq[#’_
n . -

VT "r“w. concentrabion of { Gﬂ) . »

—_—

PR

WEAR PBASES

| Many _substances behave as weak bases i umter. Weak bases react wiﬂ:

_Jwater, abS'iTﬁ.C'ﬁnﬂ'_PTb}fOﬂé_fﬂm HzO_(M‘ﬁEr) l,-{ﬂuretog fg%;rmq'nj the C%u ae

actd of 4he base and OH- ions .

B@) + H.O() = HBY () + OH'@q)

[ Tha! éqbuLLCbﬁLuﬁ ~constant expression Lor Ay reaction can be writena:

Fatt T (on—1— -

OTE + | Water ‘s o slvent , so i is omitted from Aho equilibrium-conghat
eApression . , | T Ny

o [The most menlbl enceun’hEre& weak base ammonta . ___:hﬁ

N (a9) + Hi0() = NHu*®) + o ()

Kb_f E NH ‘F*][EH:J . .t SN M e 1‘“:

L __[ﬁN Ral . ooy - "“";xh

ore + [T enstont_K_shags nfrs £ che sl o whid b 19—

with Ha 0 to form &Q.@ﬂﬁﬁ@ﬂﬁﬂﬂ _Cﬂﬁiuﬂqh;_ _c;.__cj_c_g__anc{_ OH”.

The constant Ky W called 4 Base - Dissociodion congtont.

~—

|
|
|
|

- . asmes #_‘_____/’
)
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l
|
m?’.l

As with Kuw and Ka | He subscripk “b” denotes Fhat s r:qwﬁbnum

-

— mns«mn‘c refers 10 a mr’clmlar 'h—lpeo,‘i reaction | ﬂameb-f ~+he fwntza-hm

,J

A

\\

L1

14 weak base 10 waker.

THE COMMON —ION EFFECT

Lonstdof solutions that comtain o wenk acid , such as acetic acid el
hoe o chemical fermula of CHaCoOH and o soluble salt of ’lfufacuf sucL
0 socltgm ace’rabe ( CHg CB@l\\a) Nohce Hhat these soluhizng CCﬂ’t'&m e
substances Hhat dhare o oammorl n  wlich v CHa (80

Siace. sodium acefate is o 2duble ‘tontc compcund and 1s therefere a_teny .-—

shbnq elecffrb[q’ce 1 dlgs‘octafes comp(ete[q in aqueeus eoludion 4o Jerm

+ and CH;CE)O

CH 4 CO0 Mq(aq} > Na (@) + CHg,C@@—(&q)

Tn_contmst, CHaCOOH 18 a weak electelyte dhat ontzes as follews :

Cta 000 H (1) ——= T () + CH: (O (20) :

The CH,C00™ prom CHsCOONa causes the gquilibrium for CH,(COH 3

dissociaken ano@ reagsociation o shipt 4o —Hw left 'Vnere[su c{ecr‘easanq +the 8

equillbnum concentadion of H* (aq,)

Tn ofher werds, Ahe presence ef the odded acefate ion causes Ahe acefic

S

acld 4o tonize less Hhan 1k normallq would. 1)
Whenever g weak electnlyte and_a s&mnq e echz{qte cenfain @ commen o0 |

dhe weak electolute 1onizes less dhan ik “would n,L 1k were gloge an ccfuhm .|
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 BUFFERED  SOLUTIONS .

-y
.._‘Q
!

~heutralize CH™ ens and a base v neatmlize HY qons. The atd ad T

Lace_4hat make up the buffer  however, must not consume each othec
L Taough o neutvalization feaction. Thee requicements are fulfilled bya. .
& .-L;}E(]K_a["‘d "b{‘\_?’_ﬁ__f-c‘ﬁilt.l%gh ?Qlf SHC,[’I as CH‘.‘L CO@H il CH:}COO— or
- :rﬁ\:{_g’— NHs . \ . -
1 .Buﬂﬂ-s qri_z_cfjgg_?_fgpar@cl bg m'rxin% o weak acd ef weak bage with a

T colt of that acid_or base.

-t

-

1
3 ]
-
13
—e—————
. - o b ’: i & - 4
1 o 1] y {..‘ - L
F A e B
e ——
e —
" 1 :
£ e ——————
I
=
HE
e ——— 4 . § 4
. Sk d ) ki |
- . - L ;
: 5 e A o : paid el %y i
Faesd  oho R S ‘ : S A PV -

Scanned ‘-B;.C;II-T-IS.C&DHGI
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200 POLY PROTIC  ACIDS
Piljpmttc acids _are qcacls dhat have mere fhan ene pm‘fonz:.
E'xam!olesl HoSDe : H,80¢ — #t -H-IS'Dq_ \:
Hsoy =—— WK+ <o
HoPOy 2> HoPpy +HT . R
. —
o .
Hoeoy =——= HPO,” + h+ sy
—
HPO: —— Po,* + #F —
| ‘__—_—_‘___\‘-
r )
!;’f’ )
_____ F____Pkﬂz (jlzf
PH m ! l
VT
‘ P f.EET_JJT —
-~ i I T ,
| I N
\rolume f bagp ac{c[ec{ >
® manq qucls haVE mere ~+han one Lonlzthe H a.{'um ‘—ﬂmsg ae mc!s o
Qs PB[MPTOﬁC acida .
For emmp[e. each of the B

atoms 1n_sulph N o
)/Lomza n Succeggme *S{'CPS ULpNUTDUS amci (H 505) e

Ha 505 (1) = H()_+ HSOS (eq), Ka, = L_%_zs@if

-

|
" h30, () == WiGy) + 07 (o) Kuy = 6okl
The

numbers en the constont mPe\:h; R oot
}j{!‘a wmzln  Thus, Kag jﬁifm Cular_praton of. 4heo

(e
e second P tnn of ‘0. polypr Dhc ac—‘}l @qm[;.lonum Lﬂ\.’b\,vmj
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’Lf/‘{ Tt u aluays easier 4o remove ane:; irst prton fem a @obj?roﬁe acid
vt Ahan o remove A seconel..

-

14

-sq_co—nd— pm{nﬁ_%m dhe Hhird Lrm

&imi ko ' +He
L 4 ~5trﬂl[af| ,tl' u eaSlec tv remov v { .
- on acid ?afl{:(n +hree 1oni2able Fm_tpn_g_(_Hj). Thus, Hhe Ka values
r 'beame .success;viLj gsmaller as «SHC_CQS_S_I',U? ’PTb‘[I:rLS are remol;ed. .
= .J.s (mcj as Successive Ka Uahkes,d—iffpr_bggqu_dnr of 10° or mor.e, U
1 :u sible 1o obtain a sabisfactory estimate of the ?H of pt?BFm{lc
1 acd sulutions by freating them as 18 they were monoprotic acids , and
1 .Considering onhj Kav. -
S SN B
P_ - - o
SR
L__ 1 o _
—

:"—H.q ."r = r’.ﬂ i f .
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SOLUBRILITY EQUILIBRIUM

Bu {ncreasinq Ahe fempemture , usualfj 80"‘4[0'“% lﬂc.(e‘.?s‘?-fﬁ- —

moaximum  x mol wm 1L of sol.uhon ci.i‘ QS C

omounk

—% PL°!

¢ ——

aith: 2eheggio ot sl ag oy §

'-_2 ) e — -

CPbr | [er

k =

CPbCly]

Kep = K[PbClL] = (e et 1"

sp_ = golubility preduct .

Jue i | Caleulafe dhe molar SoUl[ﬂ‘:uhj op Phlls, o ke = 1.3x10%
Ing PbC[amc-—'— Pb(aq} g7 QC[an',)
A = ) o b
~R
-x z + X + 9% o
(A -9) X A% _:“
= e T BN
e = (&)
lp = Oy
Usp = go* T
1,}?{ Io-g — 1{_‘],% T 5 L
3 - BbEe e “""", i)
A 1 XD  0.0162 meldw'3 .

ﬁ' /'M

I ——— v—-'——‘_-.'-'.-

A
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e soubility of B |
The solubibity of RaSD, in ¢, ooq_ﬁadm_hJCQEuth ksr

Molar soluloility = N mage —
I —AW\ N Mmr— I h
B — It S
= p, T
. ﬁ%____fﬁq_l__ mofdms
2393 S =

BaSOetg = Ba¥ + S04 s
\m{o o0dl | —\

| 233 233 )

[8a>*][50%] |

Keo = (00041 {
| \'.133 >(\°2°.§:‘> | , \

“(Sp = 1.8 ¥ ]0_ ‘.‘
SD[“LNL‘N c[ecrmes ubhen a sq& 1S d,tSSDercf m’(‘o—an.glcﬁer salt 4‘
ha\nnq Commen  1eng -
1
i 50. 604 (x) \—T-' E)Q.i;} + SO;-&Q - -
| A . B~ |
| s - ==
| " T :
; v . B+ x ‘

Kep = (O)(842) o
1 s -
4
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o

1 :
1| Kg is o (‘]TDC(UCE OE Kl an 'K?. _ ﬁ““\:
| —3
.\ &g(:lm —— U;‘l-{- CLEM.) : Ki . L
| Aqt+ onty —> (Aq(NHo), | Ka - )
AaCl + 2NH; ——> (Aq(NHs). | + CL° K P
6 Q = 'mnnic Prar:tuck “ N
k = [IC1 k.
* | Sdubility ?rbc[ut‘c defermines e precipidadion of_?ﬂecipihfe&. o
. For A’%Cl ) ksi: = EA5+]EC‘--]l #

Teaic Product = Eﬁﬂ-ﬂ&:l—.]
(4t ionic prduck W in oquilibrium wheras )

the  colulstlity Pm:fuc’& w nob w equilibrium . 8
Tust ufen He wnic poduct exceeds Afie sambili‘fj_?m , preciprat__
Juwilloceuns - Alazgin 20 e & : y } i ted 4 b Wﬂ_._.ﬁ
o A
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A\ \-\ \\-\\1‘

wetion’s

Y

\\\\

<THE _pH SCALE

The_malar concentradion of H"'(qq,) In an agylepus sulu'hon 14 usual{xj

very gmall -
The FH of_a neutra[ solution . .00 ab 25°C . A\wsz remember
Lhat the aumbers 4o +the r|thc of a_decimal are: always i mficant
Jchgrefoﬂa he correSponc‘mq pH muskt be E)CpTESSEA 4D 0 jeumal P\aceg
A_change in (H*T by a,?achr of 10 causes ' +he pH -h)ch.anqe by 1.

Tous, o “eolukion of pH © has 10 times +the Cmcen"rmhan of 1 (acﬂ o

o Soluhon OF PH:F :

jL[H*] s mr’c of a Kinetic rate |aw , +hen chanqlnq s concentradion
will charme the rods - Thaxs 1p the rade law is ,Ftrch order an [HY]

olnu\olmq Ue concentation will deulsle -Hhe yafe eyen 1P the chaan_ s
mv,rebq &ﬂ)m 1.oX100"M 4 2% 107" M,

Ina Sample of. temon juice [HY] w 3. 8 % 107* M. What tsthe ph 7

)

Answﬂr

pH ---[Oq s

ol = -—loq (3.9 %0 ﬂ

s

pH - (- 3.420214403)

=PH-'+3L|-’.7..

Yhaie

ueshion

Msyec

[ / [ ;

Al Commaan qumla.h\e mncluw—c[eamnq olution has [oHT=1.9x107
what 18 dhe ol 7 ) SiiT
(et Tfon) = roxie™Y
o ['H*'\(l a%x107¢ ] = 1.ox107'®
[t = :0x10" . = s.oxip”?
1.9%107°

o= —lgt] - .—lnq [5.0%107"] = . 278753601 = 3.2

15( eample o{l ,Frgshlu\ PresseJ juice §fom aﬁn\es h H\a\_-\__g{l___f;}?-jféﬁ,_
C&[Cu\c&e [ﬂ+]

r[:

rrr /”‘” o
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<06 | “THE PUH and other "Pn Scales . . S g
* | The negqative loq is a convenient way of gmpmssinq +he magnitules Of sml| el

%__Jl_qn&nﬁ Hos. ‘T\xc\_}conven{ioﬂ of the f{’eqa.ﬁve (o _oJ{L&cq‘uan’EJitj 'Lé (ﬂbell_e_g[‘“ﬁ
1 "p": Thwus, dhe concentrtian of OH cnnqoe e;cP[ESSECl a» pOY. - ) ul
_ al pOH = ~loq (o] - | - ] -
1 ¢ | Likewige J, ‘Km = -[t:a Kw i =

o (ﬂ\ere_fore , —lOSLH*TJ+ (— loﬂ[—OH-D = -lDflJ Kus P
=101 o (W] + pOH = 1400 ~ (at 95°C). F
pH+pOH = 1400 P

ACID - BASE PROPERTIES OF SBLUTIONS OF SALTS -
Most metal ionS can also react with water fo decrease +he pH of anz?;e&f
__fsoluton. The mechanism by whick metal Jons peduce acidic coltrhons isa};}#
| the (ombined Efreck of "Cabion and Anion wn- Spluion. = a
_NOTE * | Tong of alxaly mehﬂs,oF Ahe heavier alkaline eardh mefn[s do not reackutt
water_and therofore do net afteck pht . TThese exceptivns: are Hfvse cafions

,Founcl m tong bases.
: J

Ig-‘ n_oqueous Soluion (salt so\u'h’nfD confalng an anion Hhat does not et
Juith “water and - o cafion 4hat does nok cench. with: waber , we expock dfe of
o be neutral . ‘IE the sdubin_centatns an anion +Hhab veacks- witte water b .
peduce hudeide, and o._cabion 4t does nok react with. waker, we expect
i ;SM o be basie. . sdufin_enkains ‘o ofion dinb reuts vith s
ce_hydronium’,and an_anion dtat dogs nef renct oo i
4 | - react wsitlh umte
ex{at;c& the FH ke acidic. o S
$E.2 = ] Fmalljlg‘,‘mou cise whee & Selubion confaine an anion angl o cafion bl _
s ﬁmoiim[@ﬂ% buﬂljr wﬂf\% he ot of Ahe solution would depal—__
00 anve _pilines of the ins b repck wside '
| To_summarige | | ‘ m{w i
' - ‘ b Y orei s S——
!,@ An anion that is %%afe base of an geid - fﬁhg_ﬁ_is_ghj_rlg' wifl WH\
(@ Ao anion 4hat 13 o tonjugate bage of aweak actel will cauge an incm@[ﬂ_ﬂf“\.‘

| v \ v . add
j@A cation «waﬁ s the ?@%QMMM kase will not agpeck pHf.
®A catipn dhat s the coipgate acd ep o umnnl?qso, will cause a decrease i P~

—_—

y -
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B) Other_metals {ons will cause a decrease 4n ot -

®) When a solubion ontaing both 4he con(uqa&e base cf o weak acid and Hhe
conjudate acd of o weak base, the N it +he laqu equilibiom congtant,
Ko or Kiay will have dhe qreater ingluence on he pH.

@‘Umc cahons of_orup 1A mnA heavier memberg of qroup QA(Ca_” Sr2* and.

B&ﬁ\ will not GFF‘?CE oH %ese are he cahions oC -Hw. s’rrcnq Hrrhentus bases
They will be soedu’tor 1ons (0 add-base chemmrq

OXYACIDS

lAcids 10 which Ok qroups_ond Posslblq addihona! exygen afoms are bound
o the cenbml afem are cafled Omactcfs Many common acids, such ay,
sulphuric ada | confaln one or more 0-H bonds.

=
l
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MORE ON LEWIS ACID& AND BASES

\\_0 ‘
e

4@9 an unsharp_& pair of elechons ,cor lomclmq a gmhm arer mﬁtj&ﬂ

VA

Nty ey adsas a W’f‘m acceptor . U&mq Lewis Ls'huc{ure.s we can
m“’{p, +he rQCLC’h‘Dﬂ bei:wgen H'f tmﬂi NH‘g Qs fFol[ouJB A
’
] S
" + *N—H —> K_—N-—H
| l
H 11

\\

;(;L'N Lewls wag +he ,!;nst t notice +his aspect of aciol- base rexchons.

uHu meOSEct o de&mhﬁn ap acmf ancf base r‘rhaJ: empfm&lzes the eereef
—T1 |\

|

plecton Dﬂtr

A Lewis acid s an elechon - - pair accepfor

A Lewls base 18 an-electon - pat,r donor .

For any molecule or don' 4o act as a Lewis base ' must have™electon palr .

T b dhe hudmhm wnteraction between posmue[q charqu mefal ions and

| he unshuraci “elechon pcure o(l waber moler:u[es %a,%musas qlks b dissolve in

‘maﬁx’zr !

U{M / /-/ MJ [ ]
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~zio | REACTION MECHANISMS

=

.y ﬂ!e_‘)fo_CQSSbj_NE‘L"‘_Qz_r.QO_C_@\_QCCU_@_!‘a__@lBA tine Reachion mec“a“'m, ¥

AL the mosk SEP_I‘l'l_St.lQa{EC‘ level , a reachion mechaniem will deccribe 40 -
S _%@_aﬁ_detail Ahe oddec in which konds are brzxen and »fcrmecl ond f, -

-

changes in_relative pusifions ¢ the atems in the course of the reaction.

-

p—

Elementa ry Reac fions

-

We._have_learnt 4hat reactions +ave gace because cf collisions behe, -

reacting _molecules . Fer example , the collisions ketween meleculey ¢

mo.l:[uj\ lsonutrile (CHe,S!C),‘can Pmu[cle e enermy to allow-the chycn -

to dorm after the rearrangemgnl_- of CHaNC , as .sfxoum loelows s

P Lz -
HRe —N=C: ——= | HC--- 1l [ —> H,C—C=N:

Simitarhi, e reachion ¢ NO and 0. o Lorn N0, and 0., appmrs_—_

{0 octur as a result of a ginale cellision in{'olut'nq suitably orienJr'elcl and
sufficiently enprmetic  ND qnzj Oz moleculess Y

—

NO(8) £ 0.0 —> ND,() + 0. ()

—-—

L—

—

Roth of Hhese {JTCCQQQBS 6CCUr 1N a sfn%le shep or event and ae called
ELemem’mf_L} reachons (pr elementary menge.Q.

o

-

The number of molecules that participate

. _ ) Qe _as_reactants 1n an elementaii—
reaction depines ifg Nolecularity. T

: IF a sm%\e molecule is (“""[“95[4_%2 reaction 15 [Unimolecular, The . =

rearcangement ennthile | , '
o o_methy) isonitrile is a_unimolecular process. Element~

reactions involving_the colligion of 4wo reactant molecy s are Gimeltt™

'/lhe reaction between NO omd 02 e Wt (o

0z % bimolecylar.

g ,Elemen+aru reactions  involy: L e — _
ing dhe simultanesus collision ef theet

—_—t

J
'molecu[es are._Termolecular . -

I o

I
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Tecmolecular reactions are far more [ess proloa\ole dhan unimolecular o
bmolecular processes and are mrelq encountered . “The chance +hat four
lor_more molecu[es will collide slmulfaneouelq with any requ[arl'fq 15 even

'Mmokg Conseq uean, such collisions are NeeL pmpﬂSed as par{-oﬁ
o reachion mechanism.

: Multi Step Mechaniemg

:’ﬂwe net chqnqe represenfed loq o balanced chemical equation often eccurs
by o muLtts’oe,p mec(mm,sm uulfuck consists of a sequence of e[emenf’rar‘q
Ireachons. For example, congider e ‘redchon of: ND, and O :

Noate) + C0(8) —— NO(9) + 0, ()

Below 225° C A reachon appears 119 proceecl n wo elemenfarq reactions
(er e.lemwhrq S{:st\ each of quucl'\ 18 lolmo[ecular
First, two N01 molemles coll:de and an axuaen afom 1s fﬁnnsfrerrpcl ﬂzm
ene,’cn Ahe other. ! “The tosuttunt NO; then co[lrc{es wth a €0 molecule
and 4mnsgers an oxyaen ‘atom dp ik

NOy(@): 4+ NOy () ——> N0 + NO(a)

. ND(® + CO (@ —> NO,(3 + (0,00
_’W\us We. Sﬂb\ Mok e reaction eccurs bq a tuwp - Sftp mechanism
’T\ma c\r\ammeal ?_QHO.JCLO('\S fof the elemq n’h:lm reachons N a muUanep
1 mechaniam mus{- almqg aclcl g give Hhe chemmql equation of the
T;Juv.mll OYDLess ' '

In dke pt‘eaen{- oxample, the sum of the dwo elementary reachong s :
1___9ND, (&) ~+ ND,(8) +CO() —> N0, (8) + NOg(S) + NOa) + (0.6)
-151\911$mnq hig equation by el\miﬁa’hﬂ3 subsfanes Ahat- appear on kotly
ﬁiﬁ_&;mp ere arcow qwes '+he equ@fwn NO,®) + CO(9) —> NOw) + 0. (v) )
wlmcb\ ~Which s the net auqhon for the process. Because NOs is neithera
4F€0ctqn% nor a_preduct in the overall reaction — it | s {ormocl i the one
|ﬁ‘9mQh+qrq s’cep/mnchon ancl consumed in +Hie next — (£ is called an Tntermedind
N\ulhs"rep mechonieme trwolve one or more infermediates.
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EQUILIBAIUM CONSTANTS IN TeRmS OF PRESSURE , Ko .
| o USRS S
for a quen ceachon ,Ahe numerical value of Kc,,_t_q__gﬁﬂ&rﬂl__l_j_izi,ﬁfg@i
g Abe numerical value of Kp. However, ik & pissible 1o caleulate o,
feom Ahe other USllﬂﬂ Ahe iclea[—f?as_ _ectqc_g{_‘{_tyn_{fb_ggnver{ between 1y

concendratipn (_ir\ molaf 1l'_j , N\) and_pressure. .(.Li‘_ _a,j_ng)'. :
_ PV = RT s PRt o -

[Fos a_substance A , ue have < Py = MW RT = [A]RT .
| b= (aleT| . -

By subsﬁ’cuEi_r% ! ?&_‘_[ﬁlﬂi__i?}b_ge_i M—— Jor a

) | (Py)’ (f;)b

eothetical chomical chﬁoo ah+bg = dp +eE | ue 394: fop

generd expressitn re\lg.irjg_gp ﬂug_, _%'lUﬂn b‘j‘:

f i 1 pee- _A N | ' ]
i . KP = Ke (Q‘:T)j_‘ where  An i the change . e
. J

nwumber of moles of as 0 e dhenie

- equation for Hhe eachion. Tt gud

* Qomerboer & M(nm[nri’cg) = mol [ the sum of 4he coefpicionts optf&_x_

_goseous pfc,dnc'ts minus ~he sum

of the coefficients of e qaseus
feactants . d

AN

= (moles of aaseous pmc{ucfc)ll Moleg of: « géggous reactanﬂ:
AN = (summabion of moles of gasenus Pibcluc&s)_: (Summqﬁaig{ inalet

' __of ‘qaseous _reactants) , 5. i
for 6t = db ¥ ¢E he nlatn expusion et
k? GJ'\Gl KC' 1 S'\UU\ L_J_ — D W -;/
; ; AT VT N=(5 S YA ——
K= K (e |
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. ;
- ﬁs an e;camplc consider 4he reaction Ne Oy (9) = 2N0, (9),

|rﬂlgr€ are 1 fwo n’ID[ES UF Hw PTDClMC& NOg (’HA.P_ COEEFICIQH{? Ln'{—ﬁg balﬂﬂfﬁd( BC]TL‘)
//ﬂ ad_ene mole o +he ractant N, Ocp . ‘ﬁmre[:ore An 15 given by

An = 2-1

An 1.

11

m;__‘riﬁ = KC(RT} for Hus reaction.

T

| Ke = K only_ mhen the same number of meles ep qaS appears

e
*V_— boty sides of the  balanced chemical equation , which meang T
| An =0,

:__MAGN'LTL!DE OF EQuILIBRIUM CONSTANTS

oo it &

Equiibrium conS*’mr\JfS an_vary om very large 4 very small .

The nmqm‘!uc{e of +he constant e Kb |rnpor"rar1f Ln{iormqhoﬂ about the
compoSl’hbn of an - equtltbnum mixture .

i For eqcample | conswler the reaction of - carbon: monoxwfe (CO) gas and.
i chlorine . [CD qas. at 100'c ‘t> form Phnsqene fCOCL-ﬂ a doxle qas

| 1us~eol - manuFacfunnq certain. pol)-{meﬂﬁ a.rtc[ msec—hc:oll;s
l

1 O + Cl) — colle(s) 5 Ke = ook
_‘______ i ar fued : | Lcol[cle]
“i;r Hm equthlor[um consffnnk -Eo be Se lcuqe the numemfor op the
‘N%LHrum -constant expression must be [arqef"”ffwn Tle degeminator.

-
"-——._.__

= 4.56x107

'I\hJ Hre eqml,tlanum concen*m'hon of COCly musL- loe qrecrhar +han n‘:&q@-
\._F 83 er C—Cz qno\ s s rFDLlﬂO{ true experlmeﬂfq“.q

“TE —We gmq ,}e\,{g eqm[[bl’lum lies o foe t’lqht [_h:marzr rlhe ?m:{ucf sucio)

» Ahe mhbrtum mietue condatns mosﬂq reactants, 1k lies o e lvaft
U .1 RS 1 Ethhﬂum 'Tiee 4o +he r[qhé ?fbcfuc’fs prec{omlnqu
] Te KW« Equlhlonum lies do 4he [eFJc 5 reactants pfec{on'\inq‘ft

0

onsmg rates , not concentrations, are equql at equi LU brium.
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214 DIRECTION OF THE CHEMICAL EQUATION AND K .

Eqml,lbﬁum an be appmc{aggl ,(-‘@m p_l-H\er‘ cllfed'l'bﬁ BQCQUSG,'HM.S [N &D

the durechan In w[ucL we u)rrhg 4he chemical equo.hbﬁ Aor an m%&
1w arbitrary .
For (’.mm;‘:le,, the N0y — NO, eqluilflorr'um can be PQPI‘ESQn'f@iE%_L\

z 12
N,Ou (8) — IND, () 3 Ke =2l - 5,212 of Ww'e.

[N2Og |
Equally , tte <ame equilibrium reachion can be represented as : |

i~

QNDaCE)) — N0 B ;K = LU = 4.2 of g
I T T
e : | For NG (8 = ;\Lo @) AR R AT T ot e

[NO, T o212

]

IEMBER 2 ‘ﬂ\e equi ebrium - cnne+an% expressum for a reaction auwritten 1 none
chrechan Is the rer:LprbCCL[ of dho one fr me reacfion writfen th e
reverse. direchibn - Cnnsequenﬂq i the numertcal 'mLue of he ethbnur
_|constant for the eaction. wrrH“en in one. direction is the rec:prbcal ef fhat
for he W,U{EIZSB reachon

For reaohens -H\a{- u,h[tze Hess' Law | we g\o’cqm the net equa’aon bgL,

. ac[&nq Hhe wndividual . -equadions anol ccmdef Inq ickendhical 'termg Hmcem
,,{Zor such reacfions , the . eqmubnum constant_expregsion Aor dhe et alnah*
] 18 the pm;ﬂuof: o dhe expresgions. for dhe individual steps , for_instrace

2NOEw(e)c— 2ND(=:.)+ BQ@ 0 - Eno (Bl T
b0 CLE == 2l 3K, : oD = 3 -
| T .1 B
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<m

;,Ii/’zﬂne net sum of Haege 4wo e,quarhons s
/‘f NOBr CED + Clﬁ.(g) ____:h 2NO(5) + QBTCL (3) 3 and-ﬂ\g_equ'hbﬂum '

nsfanf: Q)CPFESSIDH Jor Ahe nek equahon s Hhe pmoﬂud- of Ao m,iwm!,ua( ;
)ﬁf{?—/ ENGd Eﬁfe}z_l — [Nﬁ"] [Fer3] 2 | g 3"@1'}2
K

//f [NoBr]°CCE] [Noerd [ér,][Cl;)
T

] Ke = 0014 x 3F.2° = 0.10

— Bk

o

SUN\MH RY . :
The eqwltlﬂﬂum constant ef a reackion "1y Ahe reverse direchion (s 4he

~ luverseof the equilibrium _constant of the reaction 1n the fJorward dinn.
Ty | The equlhbﬂum constant - ef-a reaction that has been mu[hphec( L:rq a
_inumber 18 the ethlcﬂum constant vaised o a power equal to that- 0.
o |The qutubﬂum conghant] #or a nek roacfion mode up cf two or more steps
}w He prmiuct of the mmhloﬂum conS"ra.n{‘S ,For—w\a wndividual gteps.
i fities ) b Fi2 .-il- ' ] 2 . 4
HETERDGENEBL\S EG;ULLIGRIA ‘
The omission of pure sohols and_pure qumds“"a"ﬁt excluded from

/'-.-

’
/‘--—

e qulhbnum

The. omission ' op pure sohds omo\ pure hquicls from equLlonum constant
expressions can also loe rabonalized in a second way.
'Nhak s eubstituted into-a 'I:hermoclqnamlc eth\or{um ex pression & |
—_l4he ac-{:gm{:q of cach substance | whlch 18 4he ratio of the Cor\CP.ﬂ'l‘t“\"hor\
to o m(:e.renCe, value. ‘Nows, ,Fowr o pure sulstane , {he reference.
—_Value g the concentration of dhe pure subgtance L{'se[p 50 Ahat the
chhm’rq Of any pure solid: of U ulcﬂ 18 a[waas Sth_J P S
%&n o :so[ven{: s volved as a reactant or Pnclud (in_an Equlllbl"l wm,
\&mcenr\*m:hon ne-aleo exicluded dfom « dhe equlllhnum-cons'!‘an{- %
\Lexpressmn prmucleo{ Ahe cnnmn-trafhons of_reactants ownd \omcﬂucl's are ___.l_._]_’____i

iSO thodcm solvent 18 essenbnlw a_pure gulosfance , - e
I .

—_
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Z[6 -

* |An equlltlonum m\Jo\vm LUCll.lr asa solvent whose reaction (-c‘ualwn ;-

H,0(0) + €042 (ag) == ONW(m) -+ HCOA (a9) | ~

qLUes an p_clm Lbrlum conS‘h'Jn{: oxpr@smon n which LH O] % FXC'UC{P_J

. = [0Hr][Hcog]---

—_—

[eoF P AU

CALCULATING E@gggemﬂgﬁ\ CONSTANTS -

We of‘fen do not know Hhe eclu\hlortum concen'i'ra'hong o[: qll che icg[__
species 1n an ethlarlum miwtue, —
T.F we KXnow er, equtlllanum concmr\mhon oF cd:(eas’c one SPECteS lmwcw
we can generally use the stoichiometry of the reaction to deduce t&i

ealm[danum concen’imhons of Ahe others . rﬂmfo(lounnj ane te Shafs in
wich +Hhe pmoaclure ls outlined t do r’rﬂus

Step 1 CFquulqbe, all the kmown Lmhq\ cmcl eqmltbrlum concendrqh
of fH?vz Specles Hhat q_fzi:ear n +he gqulhbrmm —congfant chressh

Step 2 ¢ For -Pnose ngcms for Loluc(f\ both +he lnrhal ancl eclm Librium

concentmiong eF'H\a _Specles are known , calcufate Ahe (‘hanji
- concentration: thab. occurs ag the _system_reaches -

Q QClUI Librium.

—

i Step: 3 : 'USe' the S’coichiomo.tr5 _of th rH\e reachon QHmE (s, use - 'Hn (quf'“
et it i e boalanced ‘eheiical equahon) fo- cq[culqte "lhe chanqes -
o / cnncen’tm-hon {Zor all, fH\e other speaes n he werlmhbnuﬁl -

-

‘ Step f-{-r- Fom r+he Lmhal_‘_eoncen'hwhons Clﬂc‘ lC\n c(mnﬁ@s W mnmnﬁi’

2 __caleulate . e:‘ullihrium Concervhrations, These are then. uN
TTRIRIER '&) eualum‘.e;lﬁa ec[u:hlor:um congtant., o~
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The mogpidude of K ndicates 4o what extent o reaction will poceed.

:M_@Ulorium wnstant (LITSD alows us to :

() predict the ditection 101 whick o teaction mixture will prceed 4o

FF____'_‘ggixl'_QUe equilibrium, ond

/@,calcu[aﬁe Ahe concentratians ef reactants and Pmcﬂuﬁf& whan
equilibrium 1¢ reached. -

-

PREDICTING THE DIRECTION OF REACTION

For Ahe fnrmqﬁonoF N, £om N. and He , Ke = 0.10S of 24735°C.
Suppece we place o mixture_of 2.00 mol of Ho, 100me( of No ,and 200ms
o Nz na 4.00L -nrminer ab 472°C, How will Hhe mixdure reack
o g _er_eached equiliborium 7 Will Ng and Ho reack b form meore
Ntz , OF will Nt o‘&[ﬂmFOSE. B porm No and Hg?

To_answer Atus questibn , we can Sulostitute w starting concendradions
Lo Ne  H, and NHls_into dfe equibbrium- congtant e;cjpfessfonoancc
corapae - s value 1 Ao equilibrium conglant :

[NHT™  _  (206) - 0.500 uhereas Ke = 0.105.
] [NI[H]" - (ro0f2e0)

|

[T wack equitibrium , e quotiont [N#x]1*/[N2T[H:1® will need
decrease  fom the strting ~value of 0:580 1o he equilibrium yalue of
JO._\OS. Becauge he S:L\-SJ.’TEM g olosed | Afis ohangc an _OQL&‘_h@"EE'.Q_iF_.
Jlrh?@ concendvation: op: N3 decreases and Al mncen"hn"iOGS__OEtE.s__G?}Ff __.4_{___1__‘
inatase. Thus, the reaction proceeds Awarels equiliborium by Aoeming.
JNLQﬂC! Hy from NHsj that 8 dhe reacfion _Prec;xﬂs__fftemfm |
The_ceaction_quotient , § , is o umbser obtained by stbstrhuding actant
land product eoncentmdtions:or_parkial pressures_al am peint_during .
feaction _(nto* an equilibrium = congfant E‘gP_r_E_ngl‘D[\_-___f]gg}ﬁfofq_,

Ge—= [8170E]® . ',_?or the geneml reaction _ah + bB == d D“.tﬁ i
| [A1°[e]* 'J

it
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2173

I 8

f,l

“The_concentrations Ahak are used n Afe ceackion- auohar\t' eq ummr/ AS
ore_not reshricked 4o Ahe equlhbflum ctake. e

NUTE

: | The eopilibrium consfant has only ene valie at eaclh demperture . —
e . The
- eachon q{uuhen% hewever, varies "ac +he_reactivn proceeaf,b

el

To determine the direction n which a reachon will pmceeo\ 4 achiowe
eatwhhnum We._compare +he values ef QC Qno\ Kc , OF @p and kp F s
'_““-x___’_,__.-a-‘

Theee Dos.slble Sl’cuahons arise *

« Q= K : “The reachon quotient will equq[ +he ethbrlum cmstqntmlf

.—-'_-'-_-'

\f_Ahe sus’rem 18 at ethbﬂum a[rtacﬁuk

. Gl ¥ K The concontmtions of the peducts is P lame and 'I:ho:ﬁp_\
feactants o small . ’ﬂms substances on A nqh—l: side e

4he chemical equation will raacE +o form sulgsiuncgs on -,}{,11

lept 3 Afe reaction moves £oom ﬂqh{: o lept 10 Qppmm__

eamhbnum

e Q< K ¢ "[hg concentyation DC. groc[uc{x B o small and 'ffmfo]ﬂ e

reacfants 4o Larae (Thus Ao renction will achieve equthbuurr

bu ,Cormmq more. omdudcs It moyes £rom LQF‘{'.' 4o rlq(mt

(2) | CALCULATING EQU]LIBRIUN\ CONEENTRATIONS

——

———

|In order 4o _caleulate hdqulubﬁurn concentrahions, we tabulate e 'mi—halhﬁ

:: |con cenderdions. oc {Jarfhal oressureg , the chanaes therein | and the final

equi Vi brium cznncenfimhens o oar’ml Pro,ssureij Usnallv 3 4o equiltbrium-—_

cnne’caﬁt expfesgien s used 4o dertve an equation hat must be coluit —
or 0N unKknown quanh{q ) .

—

-~

For wa ther QeSS I\\Q(BH- 34, (ay @_-QN’(\ () K =1, l}SKID

_ Que ¢

k! &W°C. Ja an eqlM@Murc of dhe dhee gases a{ 500 C, fﬂ‘ T

i naf'hfll DTQSSW@ of: H%ﬁm anc\ Ahak of Np 18 0.432 atm. atm. | he~

'Lg f'“'le, mr‘ha-{. DFP.SSWC 0P NH!J N “H\AS gqu\hbf!u_ﬁl_ D]Iﬁ(h-ﬂz__J F_d_,,-‘h‘

I

!
it ',: ¢ A it s | oy ]

3
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No(0) + 3H,(8) == 2NHs(9) I

/_,EM;J 0.432 atm , PHsl = 0.928 atm ;anc{ Euu, = X.

" Kp = 145%10°S

Ke = _ (Pu)
(P Y Py, Y’
Kp = x*

(b.432)(0.928)" ]
1.46%R1072. =, qf__ ]
0.34-524522 y
"x?- = 0.3052%4592 X 1.4S® (07 §
x> = 0.000005006 ;

x = A 0.000005006 1
x = 0.00223F4-21 | £}
= QX 107° 4
LE CHATELIER'S - -PRINCIPLE £
T¢ o' sustem of gglr,(l I orium ¢ is disturbed l’ﬂ a_change \n b

! 4 .

{empemfufg . presSure ‘J,'- or ~he CDnCEfﬁ.mﬁ bN op ?ne__qf :ihr.i_ B
 components | Hho -gugterm uill ghipt Ut pquilibrium. pesiforn*

\

v oo v cosnterack the effect op dhe disturbance.

CUNCENTRML'ON . CHANGES | 1~ N ST 1
I o chemical_sugtom-is-ak egyilibrio ond e inoase dhe qrcenhirtion ¢f £

substone (either a reactant or M&@Q,ﬁ@ﬁ@ﬂ-@ﬂﬂ‘f&ﬁb_ consunte seme of |

tho cubttance Conversel(j Lf _Eg_g\gc_reaSQ he concentration __oF_Q_SF!ESf@'lC?L._.
'H\D etindam ronnhe "[h Dl'hC[‘]uce’ Sﬁme DF ’[M su&hnce J
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s g

_ 2. VOLUME AND PRESSURE CHANGES Al

reducing Jhe wlume of oL qaseous mixture gf " —

At constant ”fem_ggl’_t{hf‘ e,

__e_qgﬂibrium causes he sugtem o Ts,h'l{ljc \n dhe diceetion that reduces 4, —

J ¥ o ' y
number <0 5. sl reasing he volume cauces a chiy =
umber of moles of qas. Conver Y, ncreasing \ML/

r . r U
in_Ahe dicection that oaduces mere gas molecales.

For Ahe reaction N, (9) +3H,(5) = 2N, (9) , four_molecules of reacdant.

are._coneumed for_every tuo_molecules of the Froclud: gﬁ)ﬁﬂfﬁﬂ or prduced, ”
_G:msequen'Hj. an_1ncrease n_proscure (decreage in volume ) cauises a shipt 4~
| 4 AN T

the side with rower s melecules qwhich leads o —Huzjfomaﬁon _of mere T

NHs, , as indicated, in 4 Haber orececs . L

for Hhe case of Ahe._ceaction Hg(‘b"l‘ To(8) == AHI() |, the number s~

molecules, of oasequs ?deMds (twp) equals Hhe number of molecules of aaseru B

Y £ Y v . ’ V [4 B
Ceactants ; therefore, changing the prescure will not ‘inghuence the positien ¢
i 3 - 1 .
-H\.e gquL\bf{um.

)TE

“The pressure —volume changes db not alter the value of K as long as ¥

I

-l:em;‘:emfiure rematns ohe Same?jcﬂnshnt). Rather, dhey chanae the odrfial
J J |

piEssures sf fhe qasesus substances.

TEMPERATURE  CHANGES

When dhe femperature of a sugtem af equilibrium is increased , the sustem __

reacts ag ¢ uwe odded a reactunt 4y an endothermic reaction or a poduct

© on exothermic reaction. The equilibrium shipts 4o dhe direction that

—

consumes the excesS wractant (or l;\uc{ucﬂ1 namely heat.

Endothermic . : . Reactants . + heat =" ﬁrocl:cﬁ{gh_iiﬂ_—:a
Exotfemic : Reachants == fioduck -+ heat =~

Increaging he temperature: cauises the equilibrium o shigt o :iﬁ_'z"ﬁ';tf&‘ ol <

Y v inereage. Lpﬂ’,{i_n%ﬁ!\:g_ﬁ'ej_\?_gmfh,{rf _Q_[xif'l‘s 'h&__”H\E. eclltf[_{_\‘fi_l[é\__ .?'T‘ '_{f““““

direction -that ?rbtpuces heat, 4o dhe lept , dhereasing K . =
Tn an endot hermie_reacflon | heat ig

---------- absorbed as mactants are cnverted -

poducts Thus, inereasing Ahe dempenture causes e aquilrlorium fo_shiff ~-

M‘-..

| -l’co Jtﬁe.r'tﬁh%, in_the dicection Q(l__.[l‘lrbﬁlg_(';t_s_,__ﬁ}ﬂ(:‘_I_\"_ij,n_q@q:s_qg,___ .

-~
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]n an exo+hern1!c reac:hon ’”Le UP')D.:I"‘G oCcurs. ||UJ[ I alamrhn] a4
nduck are epnverted 4 _reacfants; Aherefore, dhe ec[u,rhbumr. shif s Ao
the left and K decreases.
Endothermic : Increagin (r reme _rn an ncease m ¥,
Exothermic  § Increasing T vesuls in o decrease in V.
Csolmq a_reachen has He op srate eFchf As we lower fhe hmfmr{m"
he equt (lilor{um Sll! F‘{'S 1 +he Slcle that Pmcbuce heaf, rﬂu}' wiling an
____nc{Cvaarmtc reaction Shifts fhe ealulh brium Ao 4he lp” Jmfa Inn; K.

Ceehflq an_exothermic rﬂ:mhon shifts 4he oclulhfrmum to Ahe rm
uueasmq K.

L. . EFFECTS OF CATALYSTS

LA cnh:ttqsl- wncreases +he mbe of which equ: hbnurn 1% ac‘hmwr{ ybout da
' does not chanqe Hhe composition of 'Hua equl {Librium m\zture .

-t Wil m SRS
{‘ R IS IR e P .J‘J_-'!.:'-'

S

T3 B IJ'_: T

e e e e e

.- \ . I % .
mawe 4 TR BLRE s % | S TR NN TR 27y \ Gk o :
- FOes A e T d ! - B3 i I WA, jutvd gl §F 4
R 3 Ny _— PO . ra " y e o btk a4 .
L e s s Ewbe aem, 1L N . T . .
Vit 330 Do el & mady ab nlleab el :
ek AL P N, = . i . iy ; .
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221 INTERMOLECULAR FORCES . SOLUTION PROPERTIEg :
i ] . ___'_““‘\;'/,‘fa?-"
l‘SCMe 'tmémrfn-x‘f‘ q'ygg_si{ans o ask 7 o ﬁ_‘_‘_‘\/

. _______-“"\.‘/

| .
- \Wl"‘j_c[p__&ome eolide disalve w water while otfers do mﬁ_ﬁ\“ﬁ
- | Why are some_suloctances _gases at wom tempomture , bub ofherg "

| ace H.:l_-u,{_c[s and solids? il

- | Whak qives metals A aloilidy 4o condluck electnia ty, ME/I
non-metals_britte ? ‘ e
- —J o

The answers have 4o do widh.  Intermelecular forces,
| J ul
Que : |What are TIntermolecular !forces? i
: S i
Ans: |Flechncal fo rces . between mdoailes causing one molecute o i@[@ﬁf
dfe._other: -y 3 J I
Ans ¢ | AHraetive forces between molecules, responsible forbe nontdeal loeha@y:#

Of_Qases. S-S -
]

CHEF Y

g4
H-H
\-——-/

Trtermolecular abtrackions - are attrachions between a melecule and 4
neic}‘kbouling molecule .
The. forces of abtrmchion which hold ndividual molecules fogetfier
(for_example , the covalent hon&s:) are knoon s Intamoleculer
adbtrzefions . _ b
NoTE ¢ |All molecules experience intermolecular a{:tracﬁon.s,a&ﬁnusmh_ﬁ
cases_dfwse, aftmotione are very weak . .
* [Fuen n o Fi lixe_budogen gas, Ha, =f you slow e moleculeS i
bﬂ cco[l:nj quas, e aktmehong are [mw_mu_gﬁ_giﬂfg&__ A
molecules stick dogother o form o lquid and ewntualle a silid—_
Tn hudmgen’s cage , he attmehions are o weak Ahat Ahe molecultd—

have 4o be cooled 45 21 K (=252°C) bogore -the ecthrackions 8
pnoyolr 16 condesse. fhe I,“julmgm .‘?.-S.B:_ﬁcxuiat- I

3 ‘
Holiim's \ntermolecular athmetions acd even weawer — dfie molet%™

| won'd sHew Aogether to forM a lquid wntil de dempemiure c{ﬂnﬁ :




-
-~ [}
] g/[;%lns pom‘E en'Hna[pq of .{Zuston 'Vapou'rl‘za‘hon and _su
/

Intermolecular v¢ Tntramolecular forces

f_‘--_—-__— -
/A.‘l kJ 4o Vﬂ-Poul‘l?.e. 1 mole of water ('bm?er') —_— =
30 k3 1p breat_all 0-H konds in 1 mole _of um.fer (mb'a)

&m@mutj: L&’CEF mo [‘E(:uﬁar rForces are. muclh weaker +han miramofetufar

| forces. ' £ _id '

Measures of mfermo[ecular Lorces are as follows : boilin Fomf:
L:Ema-l-lon

f[ntramoleatlar 4—0rces |1eld Grbms ’h:;qe-‘rher i o molecule .

= Types of - Intermo\ecu(ar forces -

L]

/J. L ondon forces .

| q . DLpa[E’.-—- ohpo[e wnterachions .

i E 'Ion—'oLLpole wntermctions ((Salk &Lgsowmq tn saU;hon)
f”"” nwnmm (oonounq

[

Bd:wegn H,0 ( w'a.{'er') CH CH DPr(e'H?\am[) anop 'rnluene which

cnmpcrun& has -the qrea:l:as{.‘ m%eﬂno[emﬁarrfortes

Nﬁfar Hg,@\ has Jba qrea:fvs{: m’rtrmu(ecu[ar Jorces lermLsp_ b

lqas r}ﬁm |/\¢cha.§|’ [omhnq pomﬁ of-'w\p. 'HaJ'EQ

. DIPOLE — DIPOLE - ATTRACﬂDNS

Wfﬂ

|'Recall-Afat meleules -can have a mmﬂlhbﬂ of charge

| |These aftractions eccur 0 both “ontc and ‘oo[ar loond's — Ahe 3rca£~er

L dfe oﬁﬂ‘-erence, ' e[e.c{‘rbnrzqah%'{'\-! Afe move ‘DD[CU“

/ﬁ//

/.

/

\Fﬁm molecu,ﬂas are affrm:{'eﬂt 1o eacL o{:&ar‘ wn a cnmpnunc{ 533%&9__

| pogitive. ano[ neqa.&ve Sorces. e e

£+ il DI Lo ) T AL b
. e o align gt
Molecules -H\a:b haw;___permanenL dipole 1 moment fenc_fo align. l: L
polaritieg 0 Afe .gohof_fﬂxase for maximum at afimedive anto mcq[H o —
Digole —dhprle forces _ore adbracfive forced_petween polar melecd esfm{ws«iahc
lmhﬂeer\ moleculesﬂj'h_g,ﬁ_‘:_cﬂss_gsg dipole moments . Their ﬂl?ﬂm 13 ¢

{

"7

_.
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HYDROBGEN PoNDING

T

Hqc{mqlm \mclma N a,Speaa_ hype. of cﬁLFn(e—ohpD[e wuiterchion, and.
ks uerj stona. It eccurs when N, 0, or F are onded. to H.

Te s A igh change tn eLe_cFrmmqa.hm{'q ( AEN) of NH, OH and Hj

bonds thot cause Hhese o ke S{mm fForceS (aJoou'E Sx Erfmnﬂe,r

. than normal dipole Anpﬁ[e fFurceS\

“They - are qwma, apeaqﬂ fame laemu,Se comﬂomo\,s coa'l-mmnq Jr&m

bonds e unpﬁr‘i:m{? . lato[aqt,ca.l sus‘rems

NOTE

The enemu OF dhe H-lond qbuws olepenclm{: on Yo e.lec’rmneqaﬁm’r

of Hhe X-abm : F>O>N>CL:

DISPERSION FORCES (LONDON Foacesﬂ

Nen = pola,r molecules . do ng% hque of.Lpo[ES UK. pnlar mnlecules How
Can nnn-pﬁimf compound's form solids er b.quwls :

London forces are o[ua tD 5mal,l ohnales {ﬁa,E m(tst m po[q,r non

| melecules,

NOTE |

Because elwhm@ are mwmm cm:suncl. m ainms ’WLEFE will be nstants wit

ol de cP\arqwe, o.muno\, an qtam 8 et s,qmme{ncai Honce . e msul&@r

tmq chpolo.s cause attractions be’cmeen atoms ermelecules

Fa \8 nc{: eolar bud because elechone are pn 48 move and tend

> concenbrabe - en-ene: part of AR m,utecute o ustantaneous

oﬂpole © croated .- These Lns'l‘n,nﬁnam\s OQPULQS are wifiat makes

F:L 1 -become. pD[ClT‘ Foipe N : , _ ’

—

Tnmmrqm ﬂ[tpoles qwe rice. 4o m"cemmlecular a&mthong

-

—

P\s +he f;t%fﬂf hanc[ mb[em[e app(bacP\es e elechons wll ’h?nc{ fo be

adtracted 4o dhe sth\"f{q PQSIthe end DF Al

Tl%tli hand one

§- g+ - -
O T — P P— .
y
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125 Y s Ahat
;;DTE_ l:r- Lonflon EUFC‘QS are 'H\.L Unl/\j .fUrCQS rfound an_ ﬂoﬂ rx.l[Qr mD[QCUIeS "H‘ICLE —
7 |have (ntermolecylav_adtractions between dhemselues, 1o london ._r‘orcec; .

_|arfe - the 0““:‘} unter molecular forces 4hat are ,f’cuncf an 'non - pelac moleculq.

o |Euen molecules without dipole moments must evort forces on each obcr.

= sl

”':i Strenﬂ{zhs op London Forces
- | Factors aF(:echnS e S’l‘man'\ of wtermolecular forees are :

—

— |1. Polartzabili ty

; As dhe wlume of electrons increage | ¢o doeg pblar.lZaDJiUﬁ,
PR Ouber electdns tend 4o be laasem held.
Pacticles wntlh larﬂe electron clouds expecience Sh'bnqer Londion »Farces

Ahan  gmall elechon clouds .
. Po(arvaalmhh\ b Afe ease with wiich  the elechon cloud op
/i molecule or wn & digtorted. Tt 15 a measure mith which
nstantaneous dipoles are rFoﬂT\EC{ ;

2. Number oF atoms Ln —Hr\e molecu[e. i
For meolecules con'iw.nmq +he sameelements . London .goroes nerease |
Cwidhe Wnereace 1n e rwmlaer: - of: atoms .

(omparing 4w hqclracquoms o ol\cpo_ren{: chan lenq+L CsHg and
Cc e , b Wit o longer chain” hag Hhe hagher bothnq point. Thas
L-!s beca,usg mofﬁ(‘,u.[ea wbjr&. Lonqer chams h@cpeﬂence s{mnqer

mtermolemla.r att ﬁlChBﬂS o

!

—

—_— — SN\ —
1

_— e !

3 Shape oF -Hrw molecule e Pl o

Eridibd o Fof mplem[es widbe Ahe same damo.n-l:s Mc[ numbe\ 4&1 slrmr)e B
—_[7Cyall wpluence; Hhe s-lrrmq—l'& of me&m .Forres Tor emmp[f. e
--—J-~_.._ mo[e,wies 0(3 CL-. Hn.‘ AR 1 SRR

Fﬁ—-__ﬂm__pm%me ( CH—ﬂu,C b More cumpac-t ~Hhm n- Pen'!tmc m&cku
Cﬂ}(}{ CH, (‘,[-lQC-l—I.,l aNlpri o9 5 L.
b he. shape of f G,H-g')u.c Jnes net cdlnur for m%cmc‘hon MIO_E'____ﬁ
":l'C\E &JWQAW c&_n,w\, mnetOth" Cﬂm‘mwv\de

e
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v

T f—
— g

E—

HC— C — (Y, = necspen'\’cme, , MAaKeS a +c+ra£e‘da[\/:
l ('ecu\ar‘ Strueture loecause Hg~_—

GH3 an’{'fa.[ Gi'bm Lc‘) 5 6E|'Tb‘llﬁcl.et:l-]h i —

dour Falrb 0\.- t:let'fﬁlnsx/

//-

./-’—’-'--

Intramdeculor fores (wittun Afe molecule) maw wwolue mualm{;z
I . = o) B e

onic lounqu
When a suk‘.m aucl as wafer dmnqes Lo solid o Ltqwc\ o qas yf

-—'-"_-'-'-__

molecules rematn intmet . “The dunqe.e. in stakes ar due 40 dnnq-es n %

_dorces arong +he molecules wfber ~H‘1¢m n Hhose within «Afe mu[eculm

DapoLe. - ohpo[e forces are forces that act bretween p:o(ar molecules .

Molecu(es with chpo[e moments _can abbract ench other e[ec.hbshx@

by - lining up S that the pocifive_and negative ends elose up to ench  note

other. ’Thw 13 _called olmpo &Lpo[o. a%hach“bﬂs

Digole - &xpale forceq TQDLO\L\.\ bemme weaker as the ohsfmere between 4 NoT!

&mdes NCIeRSes . ,- '
V. e Huclraqen buncis are o Jmpo. op_dipnle r\mﬂle

— %)_S-P | O«HZTZIC'hDI\Q that are <o unusuallu &h'onq
a8 ( 0 ARY -‘Tmb f-FCch:m‘s 00eount ﬁu- .{&Qm 'H:\S of '{_&.L

RN - SN

1, Wrerachens L)'Hw,mmﬁc (artf ity of 4he Lwa«nl
~and (1)-dhe clase mechc\ g,(: the clLf:o 0.

W5t

—

NDTE @

- —-—-'-'-—-\

“The reason mM nmpola.r '#t’cra\m&mt \m\c\ndeg t)g %\ou br!\_slww"a —_

s’reqo\q Wewease o ‘oo\hnq pomk wvite molar RS ch& W mnS IR —

. QTW.P} and. Hhe a‘fﬁ:.r_% % 14hﬁrmembers have' uﬂ@m("“gcﬁl boiling ~—_.
-nom’fs that are . htchﬂxer 5 that e are lage by O\WSQD [Jadmﬂ

m"rerqdmns that oyist amonget inw. smal\vest moleculos wdfe dbe me moﬁ{ S~

plar' X~ 1 bonda: .. . x ~

—

.

me{-&mo and _ethansl haue mucﬁx huthr bolLtnq Jom{s -Pnem umu\c{ L" ™

WQCJCQCQ MM "I'R-U«T' mﬂtcu' MogLes: bmga D(:"l'e\E. P ar..0-H. h)ﬂfls ‘Ml ~

Proc'iu(:e, h\jd‘,rogm lnono\mg S o lnde dluinihs o I
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Lg)_ﬂlPLmeﬂCQ of London chsper&an forces LNCIE A8es qrmﬂ)j asfH'w, size UF

w afomns increases,

enem@ER 2 Dolarizaln WC&\ 5 Ahe ease widf el an elechon teloud”

— aund on afom an be disborted 4 cn,ue o chpu ar charge.
o avms with many elechuns exhibit a,hnqher molaHZablh’m -mam

ﬁ_a.tums

The _same deas alsv o.pp‘M b _non-polar molecules auch as H, | CHy ;CCLP ,

and (D, gince none oP Apese molecules hag o permanent diglo moment,

Heic ﬂﬂﬂ@lphi Means of a,JC’C\’Qqu each, o-['fu;r lbffﬁ/ﬂmqf/\ .]ﬁonoton =

clm‘&mm dorces .

REMEMBER - Dipole - dipole digole — wnduced digole , and dispersizn

it Jorced_make Up hat chemists rommonty,_aall er re,[iar-b:) a8

L ' \Jcm dec Waals gorces , apfor e Duddh p\msms% Tohanneg

L ; von der Waals.

’lons and tftpotes are algo ahtracted & one ano%her qu olechostatic gorces

called Ion-dnpnle forces , uwhich are not van der Waals forces .

DEpenohnq on he dmse, ef a_substance , Hhe noture of chemimal bonds,

and the . -h{pes 0[1 elemmts preseﬂl: ‘more 4han one {:qpe of wderaction mau)

conbribute. 4o e fotal abtrachion between motecules.

JPolartzat:aLl.tl:q allows qasgs%o condense. , e. q He and Ne.

l A xind of. fmtgmcﬁon as wstantanesus d,I,pOlQ moments mnc[uces

d)&paﬂ;mn forces ueh. are aﬂmchva,&arces that anise a5 a result of

‘cemporarq ohpales wnduced 10 atoms e ‘molecutes.
' ]’nu, Lgu)p,r -::]'ﬁ?. pumider of- dlechiong on: adems ; the lower Aheve ﬂfo[ﬂnzah‘l‘hh

Was Ahe hmhar —%&enumberef.e[edmns on c&ems +P~m.r 'wazrﬂﬂcrr#lcw
\‘Mmﬁuﬂ O R B R YRR T e B 127

--___',‘_______
l
|
--\_T______
T
\"'11"-&.______ )
1 gl
S

N ' R
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SURFACE TENSION

The surface feasion of a LLqum\ ts when -fe surface of Q'XLM

behawes as \f ik was a stretched membrane .

Force tends 4o pull achacer\t parts of a LLqLuol S Sufface 'haqe{f’rer etboc Hher,

clecrtqsmq sur{:hce. area o e gmallest poggafo(a size .

NOTE e

The hmqher the attrachon forces ( intecmolecular .portes\ e higler &

LSLLFFQCE’. fension , Sur{face 'henslon causes ltquu:( c{mp{eﬁ‘s 1o take o

| sphzrcm( shm:o_,rﬁmf(:ore we_may_have hat m’fernmlecll[arr%tres @

- sunFace 'tensmﬁ whseh aLSO ouges a hQLuC[ cimple{,— o bECCme Sphenca[

A wafer moleaule d_eep wAtin e Ltq wd 1 puueck Equa Lq fom aﬂ, i

—o—=c—— A vater mileculo ab Fo surface
\f [QCRS n&qﬁxbcurmq witer n'w[ffd

‘toumm\s '{f\Q. L(L{ZEF—FCICE o Sum

R I—\nu,euer, e nLé-force then B
e wm o . fz—em . I -

. | Net-force for 4fus -
-me[nge [

-—

v ik “'jm,s uneqwzl odhw,hm cuges r}ﬂn_ wafec ai—-Fﬁe alrwaker m*ﬂfﬂ

aa’rqsa.caheswe Sun@ace e . _

tNOTE @

Woshing_spap or powde/r recluces m u\’oerm[emLar {or-es n m&t

'Sur.FQCe, ’J‘p—“‘g‘m OP @ lﬂ-‘lu-lc[ 18 4he resistance of +he LlC{lllC{ 4o _an in®

W b{:s surfate areq. v}

I o L"U"'“’[ dioplet 1 6Fh“‘“l[ tE has a_low suq‘ace area_ bmum 3

) .e.urFace dengton., 'Iha@fuf'e hqutofo s re(ochullﬁ [m%e mitrnw(tm[ﬂr

rees , such as Ahose with polar molecules, dend "o hawe hiah su
fensiend. Nete Ahat gor any volume ®_gien, o sphere has a_smaller=> :ulifd.

than_any ethec shmae I =

e

-
/.
e

/.

.—ﬂ-"-——.-

el
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VISCOSITY A R
Flow s the chancje o fofm of a Ualuic{ of {Luiq(- I :
Af A same temperature diffeent  Uiquics Q-g,pon'mgg dx{j{emnt q
ecistance v flow. . —— 4
'\J;Swgbj o measure of e liqu_ic{ 's rﬁsls-fnn_ce__-b_:g.l_ag, chanﬂe m_

"gl‘ﬂ-{x” Syrup 1 More VisCous ’f_‘f\(.ln wafer. b
ecesiby lnf[uer\c_ec{ oy shape , ntermolecular atfractions and 4he
.5]28. OF He m[}[.QCU.[e_- _ B ) - .
“The greater e Antermelecular furces, the greatec the Wiscosify, for
molecules of the same gize. -
‘_COMP“”B acetne (nail poligh remover) and e—lﬁaj\ena t_JJLjCo[ (tm’ anti .

o fggc?_e),eadx_, have ten afoms .

== o OH oM

P e === AL 1 ‘
Ha — C — CH

- —==is CH, — CH,y

R Acctune | GL%col

E.:‘G‘Lul(‘.o( s more VLSCOUS -Wum_ acctone because tv has Betle o\fu‘:ol,e—
- ciipgle wiemctions and h«g&fv%en \ooncling whereas 1 acetore dfere

S .amggj;ﬁie_-‘d&p)(e wtemchons.
Gl — london ferces plus hydrogen bond{nﬂ are ok J‘plag.
Psc;,tone — epForionces only oILPel.e —ciipo(f attrochiens and Londen

—_—

T

~__Molecular size and abiliby op melecules 1o tongle waidtfe each obfer
~ngluences wsoogity. . — STV S

s Cthy . o Meffone
ChsCH, CHs - o Efane
S CH% CH_Q,CHS CHs . ‘ PTDPW___________‘__'_T_____
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ﬂ\%htj 'fﬂng ing_melecules give rise fo more uiscous liquids . {:m

hqu maclune ol (mtx’mﬂf of non- poar melmcarhonsH LOM{OE

qwes \k rmscoslbj %ab s ﬁmes +hat gﬂ water at LS°C. T

. More COFY\pLe)( molecules are more Likely v mw rse v haher VisCos]

* | Molecular Comp|e\ﬁlh| also feads %anﬁ\ﬂr MSCDSI'M because {%

molecules an become gn{rmo\(ﬂcf wrif ea;;@u offer .

For @mmee. aaSn[nni q non ﬂ/le(:eus MQWG( con’mms hqc[mmrfgm
molecules of r{‘fi:dupe CHs — (CH:Dn CHs , whore N
VX108 @mm ad[aou/{’ 3t K.

Howeuu, gvea:se, wbueh 1 L'arq m,etaus contauns mucl/\ [cuqar hqdm—

carben molecules in US[MDU“ UuneSrme 20 {1> Q5.

e ——

. Utscosulsv\ 1y ﬁmpem%ure Jepenc{a&f: s -fcmpem{‘um s lowered beaguye
low temperabutes [pwer c“wwn e kme.fnc enzrqles of dfe melecules in a silh
Conuarsetq, an_ntrease tn e ﬁmpamfure Leacf s 1o decre@re 10 vismgh
Th e case of engine ol — LLqC\,‘c Hin otl ma,q(oe requl ed im sub-x
Eammhws 2 nek dhe Hhici one,f :

-

CH, CH?,CHO'Q_Ha Hy «—n - Fen{nﬂe .

- City
!

h C'"" ('1 CHs e%ﬁeo pentane .

—Ctl3

’NP,O- pentane Ourl& - Peﬂ’ﬂi.(w hove {6 Same numlser OF q{oms but-art
[Atﬂlemiﬂ?(mn eadh ether wn J -
LUrscosa-fq has o Sffbnq depencﬁanm en_Intecmolecular erces. . J.tc[ulcfs u
“uaﬂ wtermeleaular r?orces 'lnncF f be “3 _\18CoUS. o
’An g,c.ampfe 9} such 'hquccfs lS qucero\ ‘whose. Structure has an unuS"‘
|bigh vuscomt\q o[ue, fo 1k Iug’h oqpo.um {acForm hudwqe,n bondo using.
fOH aOUpS i . .
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3l | H s NOTE . fMolecular ]
_ CGmElEKI’hj also Leacﬂs o
//i//H’: ci_ — 0 —H W c“tf)\e"’mws* Goause very large |
g (|: — =T Wlﬂtﬂés can easilu become errfaanecll
A |
//‘ H

~1  DIMERIZATION OF CARBOXYLIC ACIDS

Carlsoxulxc acids e. L acetic acid when dissolved wn an appropfiate
such as golvent benzene dimerize .
- l:cnclmq enables He moleculeg form lonolqes Ahat resulf 1n " (arqe
elafive motecular mags.

|
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. 7_3LlBDIL1NG POINTS ‘ —— 7
TR S — ——==_}
S lgker bmhnﬂ ant':’. +han &mxlm’ alcohols | due 0 Jtmer,formahon_ i
. —J
11 Oviv H —_— ) X
] R— c” e —Rr o
E \ /; __-_-_\/
OH — Heoor O ____‘__\/
lm.gclroﬂen—!oonc[eoﬁ acid dimer —k

——

/] CHANGE OF STATE E
(Cpnslc{er" QPP_HII\B heat 4o a Sollo[ — 4he solid cfxanQes i) quu,to( ﬂﬂt{

ron .Fumlhzr heating 1k boils o form a Vapeur Pl‘nse 5ucf-. as pocess
]repfeSEﬂ‘ES a Ing_curve. b
JG;nSldg( Fhe hea,hnq Qule for water, Ac enedy e absorbed | mndom
Jwbra;fwﬂs mcreaseJanrJ un:{’ﬁ mcraaanq hmpem{ure -Hv;ul bwa K j,@ﬁ@
;Wcﬁ&e pcethons - .

[
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A = | N
1M0°C - —— , ) _
N ‘““"“'“s{‘enrﬁ“—k fpxnoﬁi T
e - . i) water
g S
& o
o te + ;
t_— } Oo "“' water -~ S—
_-ao"c LS

Time

e

A normal _‘Lg_nj\:fmh_n[g_.g and pleesures qas molecules are wide spread. o

Sepﬂf_ﬁl‘.‘ﬁ.ep_[ il Witle ntemction. |
| Low temperature and_high _pressure <— molecules come closer and e fore

lof attraction come n play.

[Under critical _conditions , o gas s alle 1o fum wio Niquid

[ Liguid - vapour equilibrium — molerules 'n a Uquid (ept inan epen

container_escape ntv 4he space alaove , and Huis s called Evgponution o
_'\Lq‘aguﬁ._S_gLﬁ_QD_-___r_ﬂ}g__FEeGS s endothermic because enerqy required t

overcome_he &mnﬂ[fj wieractive intermolecular forces T ﬁqu{d-
The enerqy needed or required o vapourize 1 mole of liq wid ot 1af

s known a8 e Heat of I"\/o:[mutr lsafion or Enthalpy of Uh!x»ufisqh‘m

|denoted HA@[’ ;

i LUl £
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-
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o -

- Mamtun 4y tempedon of +he haman bedy  as ’fcmpem'lurt » (pnw
1 — 2 . H N t ¢ ~ H
SE— 12V eapaR i by way of pospiiztion . .

_Gaader a____‘._\qgi-:l elaced w a clesed centalner. TThe ameunt of Lqui
oot n et - " 1 ' '

—_—_femases _*.r.t’:.::ll_q__rm:n.:‘aa a znstant lewe!. There 1s @ net 'hqn_Sffr_u

——_m™elecules s dhe qas wahally. '

SE "5 < 731 CREES ol at adhicly qas melecules 4urn wnte fu{wd m_d!"mi
_ﬁ_ﬁqﬂfﬂaﬁ}'@i‘i_‘émllgd k}f‘flgﬂ_s“fi?f\__- ‘!

. _VAPOUR PRESSURE
. At sme peint | Hhe vt oF E‘L_‘C.{apfﬁﬁm\_ _equo.ls +he mte ef melmsahm
~Tare & nenek change Haat occurs Wn He amsunt of liquid or g
ance the b opptite pecesses exactly balance each cther. This shi:
R 1 called Dynamic fawbhbnamn, |
— Whn ncleales enter Vapeur dhey exert a [L_"CSS“_"E- Koo ag #a

_ _Souwbilevium — b“q{mur _prssure. It o hewerer, ccmn]on_\_-_ij refermed tasy
___7ﬁv:¢$cur {m‘s&ure_. .

Fr = Fam - .
. ‘Ii‘.u_ﬂ Pam . Pa:n - S
- e S _-—“ﬂ-—-m“_ — _ .
' . .
—_—— S T N
. . _%."‘"":I‘—--M--— ]
i A ol |
|
I | i

_NeTE & ﬁ____\l&?_&_ﬂif < aterm ;zs#olla ,usu'ihgw the qas phase of a subostance et
______ exists as a §t~[_i;l or _Uquicl at 259°C and 1 atm.
_Nﬂ_ﬁ__!___ﬁ_j{,gf_\_ fer water ot ¢ w yo.F K'S/mo'- |

- ) o
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(78 =

]

.";f "_\i;;@_ﬂzaﬁon w ent{a-l-f\errnic hzm.uﬁe engﬂ_a[j 1s m?-uirfcl 10 everoome. -kf«.:_____\
2 :ﬂ@ﬁjﬂﬁj stong infermctem[ar:?pucas n Ae Ltq’u,{&. - ' -
7 The enemy @Mmd to vageurize 1 mele ef a liquid af a pressure. of lakm
s ealled Hhe Heak op V%n'mﬁon ,or +he Enthalpy of Ug_»t_gr‘l_eaﬁon, DHwzp.
", 1t is bewse of the stong hudmaen bonding ameng ds mefecules hab
" pker_has an unusualty large heat of vepeurisation ( 20 F «J/ f.ﬂ?o___—___ﬂ
"'."_’_Ihqressure of the vapour present ak equilibrium i¢ called +he Equilibrium

\opou? gleSEUTe , or the yapeur pressure of the uqu‘td. S .
?’/d_-ﬁ ainq['\a bapmeter @mn measure the Vapeur” pressure of A& hc!uro[ » This can
e done_as solloass: The iguid is injected af -the bottom of the fube o
e ) men_n%__gﬂd 'f'.ﬂa.‘fs to the surface because he memury 1:: §o dense. A fr:;ar:;‘!
”"_-gf e “Uquid exgpomtes at 4t tep of e clumn, mec’&fﬁ awffﬂr :
[ escure pushes dewn seme memury eut of Ao tudoe . Then when Hhe sustem
ﬁ_{;c{w& e;zuitibrium , he Vagour Fﬁ;&um can be determined U,Fram’Hw chmgg

j—#“.‘in e hﬁ%@t of the merury column since fem = Pv!fgu,r"" E“SM‘—‘
T Pqnmur = Pgtmgs#!re = Ptsgdgmn :

¢ |iquds with high vapeur pregcures Gre said 1o be yolatile — -&ﬁ% euu{aomﬁe
i d trom an_epen dish. '
ﬁ:, i?lil yguj‘gg' Ar P_qg@;re s dotermined lotj the size ef mtermdecularzpm:e,s

—

A\

\

w~
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_236| _ THE CLAUSIUS — CLAPEYRON EQUATION

R AR T T
__I- n_—" '"—-—-I- - R. T ‘+' ) o e o

— In_ubich i Prand Po are the vapour  pressures ak T and T
respechively. _ : |
. T is qien 1 Kelvin units
_ In & Ak natuml logaridfm
— R _is he gs-onshat (8314 3 K'mol™)

DMy s )

~For purpees vfgm_p‘:j_m(cufaﬁﬂg e alove equation  used . e,

ST Mﬁl@ Prand ¥ “are amiloble for ach stafe, 4 |
———omphical metfed W e more effective Afran 46 equation. -

e N B —

ve_molar heak of vapou rieafion.

g

L goLuTioNs o

et

s !, R ,:,* ——— - — . o - § _—— -
_________;_Iéshx_hﬂ_n;k are h:é:oje@ous mixfures of fwo or more oure subshnces.|
3 _ Jg:a:@:o - _qr'\ | g _sn@f_‘e‘_g_‘cﬂngpe;}.gd _@nifmmbﬂ &F\‘ou%c\ouf df
oTE * | “The wtermelecular forces between Ahe solute and solwent th'rlfﬁ

| frm:l&E . ‘:‘M“‘j mq& B cmpebe with dfiose between solude partict
. ‘an Hiose bebieen  golvent parkicles . e
:

ey

; HnuJ o%e& @ se[qﬁbn form ?
"ks a solubion form, He eslvent

Jgurrounds | or solvates  4hem
|
|
— o f.._ = i
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F

et

are

|. -
~
——

Tf an donie galt is soluble in @f?l'{f?r,_'*l,l‘.i&'__‘ b?féu;ée}j‘;_é—_:ia-n__.—_cliEQL
leraciions are .gh'onﬂ t'nbuC]c\ 1o overcome At .L@’iﬂi&@i\ﬁfﬂ%jjfiﬂ;.#
sall mt\s'hl- I

Al - A”—.{l AH, = AHSO'H‘{IGY} Ve
e ‘nnu:sopg affect the energies oF e Iamc;gsg (Ener5¢{l'63)

‘,0_) \z[mm{mn of solute Par{lcﬁes

() mfmm[wn of eolvent particleg
(1) new ntermaefions between solube and soluent .

|
al S
1 (l \Hh’b U( \SD UhDﬂS

(N) Ahe Qﬂfhﬂ[\og_ Clﬂﬂﬂgﬂ of_the overall process depeno[s on AH for
cacl of fhece steps. |

) \&n umiec{ The solvent holds as much solute as 16 pGSS'tble at thak

temperature. A dissolwed solube is wn o[qnamic e:;ulhbnun*:
with solid solute parfhc[as

L r[ln%alultlt@_c{ v Less Ahan the _maximum_amount of §pLute for Hiad 'l"emg:-

1 digsolwed an e solvent,

\“)LLPtFS'OJ:LUﬁEEC‘ The solvent holds more solute 4han s nbrma[J
Pisrlole at Aot temperature . These colutions are

: 'Lms'hlble 1 cn,qumlllr'z.ctiLc’n can _usually e ghmufafff{

_A,u aclc{arrj *Seed cnds’ha.[ or .scm{*cunj Ahe

eide of Hie .plask. LRSI N
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| Facfors Agfgg{jianSolulo't[i’cq - .

T T . W T

Chemists nse +he axiom " like discolves live”
Polar substances tend fv dissolve po(al’ solvents.
Non —polar substances dend 4o dissolve n nonpo[ar solventz .

| one substance 1s 4o be coluble n another. .

Gases i Solubion — Henrus Laus ( Pressure Effect 1___5__
TLSG[JL'JLLL&"-{ _of Ltquu:{s cmc[ golide does nob Cfmﬂqf_ﬁﬁaql‘

widh pressure .

- NoTE t o [The ‘SDLLL[{JLLL{—L{ of a gas w a liq, wd 4s O‘IFEC‘PLL-\ pmpoihoﬂa[ fo by | tks
pressure . In o-!:fu;r- wm‘cl,\s Hhe amou.nt- of- qas ohssclw':{ W a solurh
lis chrech meOTthﬂCl(, 4o Hie pressu e above e solution . Thic &
|called H?nrq& Law.

) T | —
|
|

C =kP >

mf\ere, P b 48 parhal presgure of Hie qaseeus solute abope q‘{m
aplubuen .

The mere similar 4w intermolecular a%’m'achons ,_the More hkelﬂ\"

| K dh Henm 's Law chal’acf.‘erlsﬁcs for a laqrfhcular Selute

1 C u rl{w_@nmnhnhon of 4o drsselved qas.

]Genm{[ﬂ Fhe so[ulmhg _of solid selutes in hqu:o[ solwnts 1naeac

[widh increasi ng %m@mfhue For some substances, | soluloility deeras

}"m%‘ tnerea sing e Gra{rure This
W wiu ] |
]m ordler 4o loe ?er"mf W Wy ereerimente, nee A -h: be den

o | Pressure and do . R
> _can_ond does lncreas.e rH'm solubmhj OF a qs

{0TE _® / Henry' y$ law ﬁl'v‘:"s the re[a'hm&h\p be{lmen Ahe s es':u\ 9_ -c:nLclﬂ"_f-h-_
cncentration o ohsso{\mc{ qas. Howew:r s lawr (Henu hpo 0"
/ when Hhere s no chemical g

reacfion \xtm&en +he sofute ano\ 4 sc\vmb
"Bel‘eﬁnre, it ‘c\mjoc{ most acau ratel e

fcig no% disseciate 10 & react wdf. :HUL so[

r' N

e ————
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il

SEA
Tiw e

f Jaliby s the m‘ao of —Hm numloer of moles of a slute 1o Ahe amoun{‘
grE olvenk Rtloqmms Tn: other. gumpLe words melahtq 15 he number
of_moles of: solute: per. !uLoqmm apsolmmfs mg[allfq e M.

Nole £ praction 14 e mbe o e numbec of moles of a given 80[11&

Frsl‘"-’-‘h’r ""';gfonnnt to the total number of meles op solution. Tt - denofed fﬂ'—l

Hhe lower _oase [e[tferolf He qreeg q[pmﬂaef, reht .

Whea solvents are mmecl the Ltqu.lcls 1nferm1nq1e 'umaFormL»\ somefimes -

W[ess ohen liqulds are el Fhe hau:ol present in laraer |

ameunt 10 e Sel\fenb

A selution. W o lwmoqenesus migdure. Air,4o0, (8 a Sslution .

‘The mass perceﬂl- s{‘—q solutton er mixfure 18 "?‘Fu'. o of He mags of

|splute to dbe ™ass of Hhe solution: mulh p|| od bq 100% .

For +he mele ,chhon (')C) = Na ufﬁw A uihe main cmprHGHﬁ
nfr'l_ ﬂa

Henrq'é law 1 obeqeol laq g)cqqen q&& n wn.f:\?r‘ but th c[DES nabcerra'i—g

regresen{— o Ioghanour op qasceus hqalmqen chlsride because of tks

clt@@ﬂcmhon wdo A0S usa.m IJ: [y mnc@ol o &wsolvea[ n wafﬂrr

Example & A cerfain Soft cfrlnk s boH[ecl go that o bottle u.l' 25°e,

S

contams (0y gas at o pressure of 5.0atm over Hie liquid.

#rssummq Hat Ty parmﬁ pressure of (0 n e a’cmosphere

L Lk ove 1074 adm, calculabe i eq,u,ubnum concentm Hons

of (O, wn dhe socla both. before and a{i’oer e bottle 1

ﬁpenecl The H“enm's law congtant dor (O, n aqueous selwhon
o 8.1 %10 molL tatm™ b 95°C -

— ]

‘;"‘“-—-—-.

~— 1 Selublon : CDn qas uoak 5 0 a{m u\mve or auer P\Cue Ltqutof

Rt

’ﬂw Pﬁr‘hﬂl P‘IT.'SQUPE U, FCD;) {Of C@Q L-‘ Ui 07“0 a,hﬂ

~— Hy ( tenry's cm'a’mnt) = 3. 0%107* mol L [-aftwm of 25%C.
“_‘**—-:&ETQ{OW. concenhahon of = Hk X Pactial pregsure of the gaseoud
o dAsso]w.I 36.3 T [  Solute above e So,ﬁpuﬁfénf._ e

| Hﬂnﬂ&'& onstant . - T tea e ,
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; N Before dhe botile i opened Jhete exist -an equih brium m%e_@_@_@ﬂ_ﬂ
| qos_above he Liquid and e dissolved gas.. Note Ahat no 925 has escapy
| whatsoever, Consequgak[q dfre ethbﬂum cgnoenrhwhon of COg wi| be
| C = H}LP . . gt Lo dlie v, 0,
C = ZUXIO moLLo,ﬁm' X_5 ath. -' .
C.=  0:1556 mol-L" . a T enfle nat 4
- C = 0.06ml/L = 1.6x19"mof/f. » ook et
o Ap’cer the loet{—le AL _gper\ecl He ethlmum Gmcen’cmhon ef C@g 1n
! ~He &oc{q 18 experfen{ 'Eo dmp because some 0(1 +He q&S escapes Ln.toﬁ
atmosphere and thersfore onlu an eqmubnum stabe made bg%ua
abmospheric (0, _and He ohgsnlw.oﬁ 00, will exist, B
| C = HkP "
o€ 5 84 %10 Cmel- L atm % 1.0 X16°F abmy,
|- -C = 0.0080124 mol L'
| C - 1.4 x10° mel/L .
e My - |
it} lRemember : Henrqls low for COa o Cm = k Pm,,
& IAS expe(‘}cec‘ Fhe concen'h’ahgn of CO:.L aﬁﬁr%bot’ce 19 OPQHQC{ L e
- LHW-“ umd before dhe bBH:hL wad BPEOQO[ %.b 8 Ldlfu,\ soda qoes ,;[at’
4 }’allt‘er l:remq opcn ,Lorm, us&xl.e SO b g b |
[Fac%ors +hat affect ,selulolhfq e s rpgu_gws '.._,I | i
f v Structure efpects | T
/{n) Pressure - effects .(under-wt\ich-h Henrg_'s_-,l_qm)" | -
. ]/ () Temiperture efpect -(fo’r'attuuousr--sotgﬁom) o
o AR ] ' L bl 3t e - 4 ; I _
[ KL S TS ' : -~
f' p e e Sl P Dl

T e g - il . : i
T B o g '.‘F'L N
. = - - JU0 i _J
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erature: E@Féﬁ%-(%{ar Agqueous 'S

perbures . -

raw

W crease erae

,/"/"—7

Jicsolving of @ solid _ocours mere

ﬂ%—_’/_,d_f/w——‘i "

The 2
{mfemhre-‘_- j_\

bop oolid Ahat oan e dissolve
sin %Mfﬂf&hﬂ‘ﬁ .3
of oases diseolving .10
—0—, =
of-a qas W wuf:er'-tu!:icallg

¢ the_amoun
uﬁ.”"' pnered
' behaviour

iater appears less com lex.
cg with wncreasin

g with wncreasing =

Warm_____/___z@"—s-—%;_

’5//3# water also con

wWarm_W
less than

aker U-Lcss- dense —Hma; cold umtber.
+he normal concentraben of exygen an
dec water below ;Ahus Hﬂtking normal

d Hherefore tends o

e¥ygen alosorp

%;.

also

na temperature 1

sing oy

case 1 golubility e gases with inerea

The decrease

-

(eSpoNS=—=——

| Yape=

vapor _phase .

“cible for +he formation of boiler ccale .
noour  Pressures rof Selufions . |
jﬂ_&gﬂ@l@[e colute hag no tendency 4o escape rom cplufion into the “_\
The presence Of & novelatile  solufe’ lowers he vapeu ?Tessure-;ef, a 4;_1
Thie 1 because dfe non- volatility of 4he $9|_,U,H9n'.?mwn_ﬁ's B

ur grom_accumulabing: or increasing Ahoreloy pcreasing 4B gresgure ab t‘

3
-,

hHle solwte decreises the aumber ef solvent moleules ;-

l

| The dissolued nonvola

ndencyy (-

o lper unrk \JoLuma'.omd. U should -Fmporﬁonakelﬂ lower %c.tesca!:ﬁnq te

. For exaumple; - n a Solubion ::cm*;ls*h'nck\J of halg

—

::n;. e plvent: molecu(es . | 9
ocutes. and half selvent molecules ,we might E‘p'ptc.{‘

i

0 Inonuolabile | solute mol

- r
lvent, since enly i
' 0

to. e halp Ahat: of Ahe pure SO

the dogerved -m',?éur pressure :
n ;fuc{, Aeie 1s whak observed.

b
1
£

-~

| holp asmany motecules can es0aes

soluhions ankaining wnvsfadile solufes_,_;if‘é

Studies of Ahe vopoul gomsures of

(&1

wee, carried -et&"lag"uanw'u M. Raoulk (1880~ 140 l).:"lHA results are

— [ deseribed by Jhe equation ¥nousn 05 Me Raoult's Law :
-Psh\ur.-.m‘- "="-:Xsn[um1_?_snlun n:lt_;JB!‘- -, where_Peligiad 18 the olserved b
ur pressure’ of. ko solution,, K solvent) 18 the -rﬁelPJ'ffrct:CfﬁBﬁjO@-’rfnysb\ME } and

wot e, vapewr ressure of {he puse golvent.s




COLLIGATIVE PROPERTIES . . —

Changes n c_pll'\_jc_tLi_tge__P[pPe[_Hqs,_d Oﬂly on the D“m"?"..r.?ﬁ_;&hite_ N
par iicles_pigsmt,_@_E_o_n_ih‘?:_f.lclinﬁfﬂ of the s‘f[-uw particles, |
Colligadive ?LDFPL’tiE;S_ClLE_'flfe_JQ‘e‘IJ_uf_E.__;_,('J Lowering Vapour Pressure,
(11)_Boiling _fgnlk_e@cﬁ@g_,_(ﬁ_iule_lﬁﬂg_p’mb._&eP@%wﬂ aﬂ@l._(.“")_ﬁ&mo';ihc__
pressure.. These pmpgcﬁo.s_a_r&_l@@j!:gﬁ'ﬁﬁf by @_Qﬂ.mm“‘ ofiqun.
Because ef coluke - solvenk inkermelecular attrackion | higher concenbrafion |~
oF non-volabile sclutes make b hcl_@e_r;fgg_—H}gﬁb_luﬁﬂt_.fD_ESFafe_ib_ﬁE_ '
vapour phase. Therefore fie_vapour_pressure of @ solubon 1 buere ]
ot op He pure solvent. e o :

e ———

end

_ NOTE ¢ |When using Raoulf's Law , 1t 18 one _I:F_'.'}E.-QQ_Q Aimes _wﬁ;_n___ldou | want
make Sure you have the rnpl_e_rf,@iﬁ%ﬂ. of Ahe colvent.

—_—

Q)n't\inﬂ otnt elevafion . _ ~
[ Nonvolatile solute — solvent interacfions algo cause solutions o hae |

‘hic&her boil{%JPdmts and (ouer free2ing _;:9@;» fhan Afe pure solveat, |
[The clmn%e n boilins_Point 15 P@m@&l{_@“ﬁl{m@iﬂ_ﬂf_@gd
lcolution ¢ AT, = Kyem , where K =molal boﬂ_i_gﬂ_f}o'{n%flfvgi_-d
}cmﬁaﬂt! ) ?T_oi:erkg _of the soluwent . s BN )
NpTE  ° |Since dhe ncrmal boil[nBJPo'mt of_a_liquid W Ahe fempefure af whick
[t is_ 1.0 atm, af Ahe normal kaling point_ef 5__|>ur_e__1i_qtf!_cl__si£¢;_mf@'
pecsure_will be less dhao 1 abm. Thas | o higher temperature u dg
4 o ottan o, vapour pressure. of 1 atm gﬂi,ﬁ@&ﬁﬁc-bﬂi ling point ef &
__F/ oluion 4 higher han_that of he pure liquicl . (Cheek o ghase dingun)

Free zing Pint Depreseion T
| The change_f_ _ffrﬁe__z_ing_pp}nt__cgn_be (ge-uncl sinﬁ_larlﬂ ARSI (S
_ATF_E__K&_'_ m. .

T F

| Here, Ky i 4he molal freezing _pﬂ"_’; clepfessian consfant

Because he triple - point empembure of the solution it lower _ﬂ@jﬁéﬁf
ot op

2ol
 lhe pure liqu_i!@l_.: the freezing point of fhe ¢ olution is lower +han th

jpum uq/uiol.




|
Cﬂ\l’\ga’cwe ?roPar{ms of Electrolytes t o il
s Gince _colligadive_pwperties de pends. en A - humber cf -Paricc!es clf”olUf’A i
- egutions © of electrolt elecho[lj{es ( uolnclf\ dicsociale an g'ohi.hbn) chould & how ﬂfpatPr :'
z1 changes than those of nonelectrolytes. A
-~ However, A 1 M _solution op MaC(:} cloes noE show {wice the chanﬁe Ln -;
-~ t that o 1M golubi etfiano| does. |
pezing _poin ) golution of methanol cloe 3
/@,f‘j P F ‘
- mﬂ't Hor¢ Factor.
/" : ]
/@ op Nall in water does not reallq qwe rise 1o twy moles of 1ons-
/Scma Nat and Cl~ reassociate fof a Shorf; —hme 40 the drue concentration cF
/farhcles is gomeushat lessthan Hun fimes die concentration of NaCl.
| Rememboer Hhak you have 1o also consider e Nad and CL™ Ahat masswuait
" |Re- association s more likely 4o occur ab h1qf1er concentration 4han ab
’fﬂlg  concentration. ’ﬂ\erefore he number of partlcles present s concenbahm
N (’omlamm£ 0.100m 0.0160m 0.60100 m LEmH{nﬂ value
i T ; :." ) by y . :'.' sl )
| Querse + i oo w000 o 100G ) 1.00. .. f 100
NaGl  om oot e8] cLAtkiein 194 5 . o I nn2:00
_ 1K, %04 2.32 270 nor UBY v L) 3000
wsm ;o .20 01,83 0 1.%2 2.0

i We can medify the prevteus 4wp equahor\s IotJ muH| P[HmS hy- +:u mnf
_.Hoge factor v LT A
SRR A'T,c = K.}. m“ Iz b |

bl ‘ __An ideal - ~gas oloeqs the wlecd 3as [aw cmcl an tdeal slufion obeys
S RaouL-E ¢ balinsne o poinin pree Yot pde Tpbaddes

"‘1&: % nerma l_bet lmﬁ Pomi: of a uclu.tol 18 'thq h:mPerahwe adk wQeL 1,%; m{:ou.n
' “PMQUTE equ&u. 1 a:l:mo;phere, or I)HO 100 OUD) ﬂ:\scaLb s ;

\““‘---_L_____‘

/

=/

Nl _
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[ Seme @Jﬁgﬂ&*prm_@@ipermwb(e membranes, allowing ome amaller

b

i —_—

Z--———hﬁ_@_flC_EL@fff_Dﬂ_(_lwer glute oncentraion) o he area of lowee eplvent enerty |
B . | L\’%her Sulute (anenbﬁﬁon)‘ 4

| Osmotic Pressure ' R,
- The_prescure required b Stop esmusis | knoun as_osmotic Pressumﬁf’

B

—_— e

atficles |-
%@%Mt Wotking other larger particles. Fllcles

Jn_ggmgg'l_s_] there 1 ni{_?’\)wemp,nk tf eelvent from dhe area_tg_h_fm‘

T

—

7= (VA)RT = MRT , uhore M 't die wolaity -

X 7 —

__ﬁgaﬁue P]’gp@:iie_s _are_owpertics ak ch,penc\ on He qumﬁtﬂ (corventedin]
but mot on He Kind or tc[enhjlj of tfe solute Piia;_*?e“(ﬂ'i_ ?arﬁc[gg ‘C”Mgﬂi *j;_

-jmeans “depending en Afe colfection” These propertivs are chudiedm © |
selubeng elabive fo _pure Selventr. -

NoTE o | A

’om Hhat exhibits a Vapour_pvesgure o ylatile . B

T

Substance +hot has no measurable vageur pressure i Nenwlafile ,MM_

. [ ]_guzoring _he. vapeur pressure 15 done by a&&inﬂ o non volatile solute 4y q gl i}

I0TE °T “The Par’ciql pressuce exerted bﬂ Soltent )

_ vapour above o Selution, P
equal’s Hhe Pmduc& of Hhe mele faction ef v Ay

Ao solvent wn A solu-tin, Xa, |

/ dimes Hy '\,’CL{JEL_W_PIESSUI‘& q’-_’iﬁ:, solvent bl 1 pure o

A~

e —

]/ The above: (aw is calted: Ragult's Law

:{ﬂw'ls
I

Py = Xh_P; . ‘

“|vepour presSUe: ef 4w volafile Solvent ..o 1

laao_expresces the fact that addfr}g_a_no_n volatile solute lowers dfe

—

g @ JJ ["‘O[aﬁﬂ dQ?Eﬂd.g on rHLQ’ Uoiume_g(l_ﬂ‘hesumﬁ&nj L;hemugu mb‘qli+q ;
;!degends on Hhe mase of the Solvenb. u

|

——-——’-’-\-
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00 aic_Chemigtry_is #he shudy of oo pounds of carkon - i

Inoﬂjﬂ“ic chemigtry is fhe study of compoun ds af_gl_o_*‘__wli[m_er_\_’f_s_-,__ﬂ_x__

g};; umbers_is one veason whu_omanic chemistry 15 a separahl j'elf‘ of
ﬂ_{___,,———-'-;'_' . - v
6de wn chemishy Y. &

-

-

A

AW

A

Q@Mmpﬁunds are the chemical basis of lige ibselp as well a$ an !
M{;g‘\i: component of current hig[‘x standard of Liuinﬁ en:§°lj€61 b}} ‘PE_i}F)U £

\

T fries . ]

w@_}'_\_fcg\'un t i
/ME'L_S_, G:lr(aohﬁclmtes ,enaymes , o.nc[ hormones are all oﬁantcr molf'(ulg_n_
7 pranic_compounds also nclude natural gas, petroleum coal , qasol N,

and_many _syrdhethic materials guch as C{BE“S' ?IQS’HCS and Elb”{";fﬂ ‘f'btes‘u._
— I
] Al Chemica/ CoanunrfA i
—_ - . .
f——_o_rgan\c (’,om?ouncl.s S - Im%anic COm?OU‘nc{A ﬂ

|

| ~.

Omanic  chemisbry Sowe Inor?!&nic chemisty

| J ~ ‘ s : =

| ‘ TR

‘!\S'lllc{)j of compoundo of S{udj of Qorﬂ?aurt'\f: of- ‘_-
— Carbon excludt ng s (@, : e - __allothier: chemical elements
— ' Co, q_CO:—, HCO ‘,,02?:-, " n‘“d“‘“"}g COJ-CQE‘p-—C-D-.;-J_.;‘.
N, O, 8%, £8,CS,. HCoa_, Co, CNT, 0% 8%
—_— Stmtel® i bin ‘o1 C8)CS%.
— Organ” s o greoxcuwed_for "Life” SENENTR TS |
\m.,_‘_i‘_______ | ’ ' bl Vo S B A . i
~—The_cacloon cycle begns-anc‘ encﬁS_L&I.ijQ\-_Cl{mO:‘Spht’f_‘lC_ Op.n oy o
~_ : . : : O
~himdl_and glanks o 00, + o 4 N, 4+ o L
et e Wit ho o Nakay
. : : LA LS S T S
~~Cumpenndt o cadoon are Rhe central sbstances o which o L4 Hwin 93 are made . Bi ’“
R | X3 b TR
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1. BNA — gqiant melecules 4hat contain all +he _g;nf,t,"l_‘.r_‘fcﬁ’ﬁffﬂﬁ“gwg

2 Preteins — blead, mugcle, swin S

3. Enzymes — catalyze ceachens +hat eccur biolc%tg![ systems iﬂgf_ bedies) |
-_‘____—-“‘--.,
_____-_""‘-.

ks a science ,igg_nic chemisfrﬂ s less +han 200 years cld. ﬂisbrim{i{ﬁ
of +he ferms 1nvelve conceptual paifings :

() Cmanic — derived fom Living evaanisms

- J . - 1 -|.d -J L]

(») ]ml‘gantc - Aenvecl ,:;rcm nanimate materm.(& .

In 1823, Friedrich Wehler , the father ef erqm\ic_c_ﬂiﬁlis_trg,w
urea by hm{:[nﬂ ammeaium ananate,{sclqted from uring .
0

NFEON — > N —C — Nk,
| (Ammonium CLjanafe\v (urea)

Carben_can fom five Himes a$ many compounds as ol Hhe ofhee elen
ccmbined. This is because. carben hac o unique-ability o bond 4 eack

c-Hurr 0 o wide wwriety eof ways Hhat i!'l"ﬂv_f_long chaing of C- afons'
c{ucb.c annnger_nents__([illgﬂ of C- atoms. Semefimes both chaing oM
nnge ef C—oatoms are present 10 +he same moleeyle.
Carben's unique atemic Structure allsw it {b_@,\mlg.r_}f(é‘_‘bp_n‘d_ wit
wp to U (four) ebher atoms. =
Carben ts e Simplest eloment on periadic table Hrat has also f(fo)
valence eleChens (yEs).

—
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1 eachh valence elechvn bonds 4o one elechnn from ansther atom, carbon

readies 8 elochon shell - octet and: is etable. . . -

¢ | Methane = Carbon-$ebrahydride .

o |The covalence of atoms ef olemente 1 the number of elechans 4419_3 ean

shace wn ,forming covalent bends.

| :

— as—tn as-in ookt e
H M R
1 \\ —
H—é—-’d /C-—*C‘ 0=C= 0O H-C=C-H
| The N1
" Etlene Carbon diovide F:]"t\“el'ene\
ce
MNethane (Ethylene) (Acergene)

| Soturated Hudrocarbons are compounds 'w which all earbon - to-carben
onds are cingle bonds. “They contain only sigma (o) bonds. £xamplos
e Pcc\jnu.csd and Cyclies .

| .

| c-c-¢-C

| N/

i
— |

—

— {lnsatumted Hydwearbons are compouncls in which ene or more carbon -
o - carbon_has muliigle bonds. They cortain_sigma (g) and pi(m)
bonds . ‘ -

E&W{romrhons ar®_compounds +han confaun onﬁ hydregen (H) and_cirboor).

1) and one or more additional elementz.

¥
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?Ccnsﬁ-mﬂf_\:_é_;a_fgf Strucural ,is-omers are difperent c;:mlaounz[s? —Ihn{[@l
are

same_molecular fermula but differ in 4he Sequence n which Hheir afoms g

_bonded , 4hat is in fheir coanectivity. They ustlally have c\fﬁe_l_ren_{LP_Ea '.

——h

| properti es (eq boiling points, melting points and 49!!5?.13).@@;4(%9&@u,, "

weerdes (reactivity), o o RN,
Eramples ¢ wh cncitotional_issners e dimelhy | - eéher and._ebhan,
il T

Lacekone and ?\_’QPS[EIW_Q}(_{_(JL(’_,____"____ .
| LI S

| —— -

I - — —

|

| v

} ‘

r'

|

| h

|

f

r’ , '

|

I

; | _ ~

i A - =

|) v ) _ | .
| -

R
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1 3 28
L «
.

“'.1.

W e LEf o

| The_Sp orbitals of Hhe C—H bionds' opefhyne : hoie! $0% S chamefer

£

7 \MCMQ ’Hw“ ‘*“59 '-Pmm%o. Gamlnma.hon of 0 ona S arloH'nJ a.nal one p_
/ e e 4 4 \
] s R > 8P
/,,__54 PP __29 SP o i A ;
;/S’J—‘QFP . Pﬁ S.p HiTIL :'!‘J'.r_it*'} b ERRES ' _-:
/;MW have' more- S erhﬂ'ﬁlﬁ uuu haw; MOore am«:h'l"-\

/Bemq eSHw, mcﬁ’c eleth’bna.qahue th,g sp - hqbﬂcllzecl C- a,{nm ap eﬁwnc
,/':@[inzes e C-H bends 4o e qreaf:eek e\nmf: musinq ks thmqenS
/_f*fb lbe megt poﬁ.l'hue "nurzFore g—}{mne donates a pm{on 4o a laa&ﬂ mﬂrf.’,
:renchm -

f’CHs

H—c=C-H > H.C=CH,

2 HaC

i g—cz=co 4+ Wt

n-c= c—H* + B

CHe Chia
- { 3 -.‘..‘.- X5 l" .. .-\IJ,_.-I Il‘ - Vdd f |
—‘C- CHZHC’—CHS ey e A Wy 4
. i

“.-"-‘—\——__
"\_____ N
. |

i
"“-»-.‘.i -':1"."

] _
HE\?-\__ !

|
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¥

Ccm?arisan of Q‘[sigma) and 7T (Fi) bondlo . x

0 bond : ‘ﬁbmﬁ

Mode. of -.Fennnkon tead -on overlap o of_hgbml‘lzecﬂ sidevnyg mr‘qu,
’ erbitals, or huforidized and - panallel, uﬁgknﬁ

Lq\aﬂchzz& orlol«hls of unkqhﬂdlmf p- orlarlzafs onmfu[

orboitals oriented alnnq o bine (lmna,r) perpen&wlar o ﬁl

nechnq Ao lw.du [M’I-E mnn&%
nuelod .
T

Elechen clmd‘g Elechn J.@nsth centored a.ﬁnﬂqéh Most op e[ec%an
Yine eonneoting e ouclei . c:f,ensvlq cexﬂemc[qh,

and ‘oefgur 1o luu

Cmnechnq i nuclel

Shqge of kend &j\inclricaibj ngmhitml - Nen - cqlmcﬂrt,m S_

5\-{'11‘-"10_{1:@,] .
é’\; ) [+) .
LY, NC N\
A A C C_
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[ _primary (1°) carbun adorn s an afom of carken in an eranic e
- ithat 16 bonded o _Dﬂl}j:-mn olbher carbon alom . s __H

— [N\ _seandary (2°) wrbon atom i a cafbon afom in an omanic e
el s ‘D.".;.rl\i‘%l ot oller carbon atoms. o
iy e _A_*?Eﬁ?rﬂ__(_g’?) car LDQ atum 'i_s._q_ car'oon@};pm 'tp gq_?rgg@:g_mﬁ_{gc”@‘{
—|ie borded to Ahree obher eavben afoms . . |

e —————

R uaternary (4°) carbon abm is . carbon_ahm 0 an_organic mol

et u bonded o four offar carbon aboms. —
e T symbol R is used . ovganic chanistry fo represent o generulized g,

|gqup. _P_\_ffl_n_loﬁ__r_nec@gl_,__é_{kﬁbﬂml er any of: & multituds of otbery.

o A S S T T R _Lj'_____(ﬁ's_)a,f: HOH
— _______klli-__:._‘_._H._______H.-f.(_:_-ﬁcl: CHs Condensed Shructure
[ . c - '

— —H--——Q-*:C—-_—-(\_j_.—H—-—-h -
—— ______}:_ S - Pnr’ch"},_mﬁg_ngpcf
_______T ,‘.;‘;I.H [ H"_ S __._"$+1'UC‘{UF€- 34 . CSHQO

“___‘J_ Lewis shucture Epe e N Molecular rbrmu[tl_.___

bt e i __OH_
|

In_Lewis gtruchires, all afoms and tonds o explicitly drawn . This i
. Pl'ﬂcﬁqg_(_:fo[ Small molecules | VA

[An _-Fgﬂ{i[ﬂj_Qlo_rlf_l“{ﬂﬂi_@ﬂ‘i@ﬂléh;_fﬁhﬂlﬂﬂd3 are ewplric{'l(j wau.mr;
_|drawn. This is only _pracdical for_small moleculeg .

o A shructural formula_1n M@J@L@pfmﬁh & catkon - carben bend

————

Jand a carbon_atom s understiod b be fresent ot every point where fine
meet and at the_ends of Ale li[i_S*H'_@_Lg_[_l_gg{___q__'_l:_i_rlg_-_ H\n%‘e 'g4mc-hm_14’__
&‘MLF—‘—' et |

| e line -angl ¢ stucture
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_-;,H—_ BN AT RN “%:f
| %:]%}‘
P anih o s
A 1l 1t I
A | ——— T —C t w
;'//_’___,__—-—-——A | m O y -"I'.I-"
| — .
//f—fﬁ'f—'*c lc, [!_ = (CHa)scHf = Butane. ¢
/ ‘L/’_ = . ' _ : u A
/#’Q_{s_( CHe), CHs o  CHsCH,CHs CHs = Budane. \‘
/T_C_Ha qroups are _ _M
—~T bended togethier. _
— -:
—1 H ‘
_ - B #
= l I I r‘!l ! fa) 1| = (CHS}Q CHCHZOH
==t C=a — U t
— TG T
L L - Draw A hetenatoms
—_— , — ‘ Ld‘L-kul' 'M LOM Pan_s
[ Expanded formula): = -~ - (Cnndenseaf formulo,))
Bond ~Line or Line -Structuie or Line - An%tc': Sh‘uc.'{upe._
It s net pmcﬁcnl 4o draw Lewis shrucdu es r\fﬁr all compeu'ncls ,especially
""h-._____!_ .
| |
llarge_ones . — T
:_E;C\ line shructures not only smphpq va clmwm_c)_pmcess lowta!@ ar
w;er fo read. - : . —
‘\\L&Lci line shuchures are_dmun tn q—m gormat:_( )_asbere_eacl.

nts a carbon atom.,

\Mr (‘lntef‘sechonLor eno‘ pom{' "*EJ!L&

has sir ¢ rbon atms :
Mp‘e A each oﬁhwundﬁ ‘10( 2 SN

r

/\/\/ T /\/\ and Y
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Double bendg are S[wwf\ unaHn two lmes aﬂci__”TfP[e b‘-”“flS are Sl"own wff\

‘dﬁree [ungs : o
| \VaN

Note dhat rigle bonds are drawn 0 _linear ,gashwn rather Fhan 1n aig.
,Corma’c becauge riple bonds avalve Sp - "“&‘9“‘"‘29‘{ carbon atoms | uf[.;

—_—

-

A

| ‘n.Wu‘E hnear qeome [Tq

| .
[I //\/ = (CsHa
| .

—_—

JANad

;-:.
2
N

wo - uny inbersechion represents o CH, qroup .

A
A dhroe - —~way wtersection fepresents o CH qroup .
A 18 S|mp|u, o carbon cd:om

£our Luaq intersechon
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o] “. 214 :-3 \saw _OE__\_)MPL\{'_EID_LLSch w_line bond Sformulas has a

v ;|-£l(1[1(‘|\3‘\l‘3__:l_'_t_)_ AFKJU\J_P_E— ‘li“\EnS‘(bna\ Sha i OF _” J—-—-(— l
apresented . o ——F w molecules 4hat are
I T ==
1 —_—
e —
I——

I AHE—
© | Shert-hand_Rules

L | CG!L‘("L&‘{‘EDLS__G_N__ﬂDi_Ll_S_mlLﬂ_&_howﬂ:'ﬂmu are_at eacle antersection and end
of_tach_Line. -

+—
|'

lychogen_atoms are net ghewn.

0

o

|
|
| ———
|
|

_ ' IYPAC = Tnternativnal Union of Pure and Ap,‘:l\'ecl Chemigtry .
| ' -
m____%\S,:j&iqu'HC names are derived accorc!'ing 1o a.jpTE.Scr‘lb-erl Set of rules ,Commen
——hames_are_not.
——Many _compounds, however, are better knowd ly AReir commen names Hhan
—_— _;_h]_ﬂmlgl_gﬂsﬁmaﬁc names . o
—* | The names methane, ethane, propane and_butane haw ¢ histerical 1'0;{5.
—__ fem ___Rm‘fane onumrc{s, alkanes are pamed usin jgpg__gg[ _z_~|s furj—{[;_numb:r
~— .8 _carhon_afoms ,_plus e sugeix —ane” 1o identipy fhe mclccttl_es_as_a[xﬁg
xv,!_i_’_ﬂ_a_c «alkane homologous series has the - qeneal formuln @ CoHanpa.
e The oy to_naming_branched - chain_alkanes_is knowing he name of the
~— dwanch or branches that are affached b 4he ymain cnf?»an chain - These
i -H._?,hmnc_hes___gp_g__,go_r_m_qvllg called Substitwents,

~_ V| i N - —— —
=~ A substituent 18 an atom or gidup_of. atoms_ attached 4o a chain of. carbon aton

|

i

| 4
i
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= .L_.‘_':_f‘li_mvffujlgﬂc[ohe xange ( winer Tinj Cw“b%);_

Sy = o i g b

3 - Ethgl - 1,1 - dimethy|€ljclchexanc .

'—I‘iu.'si—-:rg_ the mest suttable IUPAC name for dhe a;mpouﬂc{ w ﬂiuen beln:

———

—

® O_O Name 2 cyclohexylgelohexane.

RULE £ ! When a &ing[e r'mg system 15 attached 4o a sinale chan

. ' -d
with o greafer numboer of carken atoms, or when mere +han

- J - L]
one ﬂng_s_gs’cem ks attached to a single ehatn:
J

Name : 3 - Cﬂclobutﬂl_Pen{xme

——————————————— e

Name £ 1, 5~ Dicyclohexy\popane

—_——— R — ———— e T

- i K =

AVANV AV B e

_—'—-—_‘_—"-

el
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jR e ber et you don't add 48 pumber m J&L name wgm Abere p) on'dj _____

W Subg'hhlEﬂE«‘ ‘Ej _ CL _ ) I T
= Clxl»ro_t;ﬂclvhg;can_e- I

i ‘
LT -
|

*“:“\(\/'\ po
| = Q—Cﬂc[n?entﬂlhe'ane.

| Qeometrical ( Cis“{m%\ ASomiers

-@\e‘:t_:moh"lcﬂ womers  can be ets-erg Cau,sec{_lg a.s’m;cdumﬁ 1ason &fops e
S 1h0ﬂfl _wtabion uhicl mmiJ et dfe isomes converd Ao one +offﬁn_0#’.or

——

Cnmmon m hoth aﬂuen@s bemtse UP C=c¢, unc{ e X c:‘.jc[na(kqnes e
|bemuse, of Ao ding. ——
—_ Bethe_op dhuse éeah.ues o CBuge suhsh'fuenh: fo_have dud difpecenk
c}&mﬂﬁ'l:ﬂc relobonghips witbe one anotber. o |
~_ "These reLahons[mos are alled ClQ = onthe same glde, or Trans -

T ;'_Oﬂ'Hil:. DF Slbe Sidﬂ T

~. . Nidf Heir Cye Lxc sﬁuchnfs ey clnq\ Kanec, _an. |oe lno\(?c{ a[— rﬁmffw; \;";&.‘S

e r‘fh)p ssc{e anc{ Q- ho’c{om’ gide, -

o Bemuoe o 4-&;_3 wn subshiduled ¢ cfnalka,nes iSomers. bec;_ﬁc Fo;g_'rbfehp:ﬂ;q
-.é4ﬁu~sulos+|ffuenks have dl.Fperent 390metnc rElCLhOfISIrnPO ~h> tne ano!ﬁar

| ..

; /
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|
|
ot i . | Aluanes beating hydmgen or any halegen substtuent are nam ed flﬁ.e.
.IthﬁC cubsivhi¥ive System _as haloalkanes .
o mNhE“ the_parent Ch&ln has both o halp and an alkl{f grbup gubs'hhlen{
FT’. 1 HZQL'LQA o k. number Yhe chala (Frbm ~he enA nearer%ﬂ ,FI[SE ‘SUbS'h{ugnE
r%nrtl ¢S of usfwilmr tk s hals or Q[Kq(;b)’[,p fuss Sungﬁffugn{g are at equa[
/j&mnm frem Ahe end of He chatn 4hen pumber 4he chain diem he ond nearer
’ j—l\,ﬁlbmm@ﬂ@ that Has alphulaehcal rprecec{ence

b
| CHaOHaCL Cly 1, i, CHg CHBI CH3
”7 chloroethane 1 I-Fluoro propane 2- Bremo propane
:: . &) / |
. cl CL 7 1!
2= Chlor- - methyl pentane . 2~ Chler - 4 - meffqupmlane \

|
l - !
-

¢ ln Ihie cemmen  nomenclature System , called ,Eunch{mal c[ass nomenclature |
halcalkanes are named as cdm[ halides.

|
|

Nomenclature. of Aleohols .
Lgcneml numloennq ¢f e thain awaqs beqms af dhe end nearer +he
EE]‘LP numeol as +he. 5u,CF|7{ .

— Nome : ‘P Me{;hgl-l hexqr(ol) or 4 — mg{_ﬁ)h%an 1-o|.
e 1N i

T —— ' ?‘96/35 locant P“rf—nt

—

—— e ——

- (.-n\l.s Ql'laln has SI)Q B:Ir{oOﬂS m
s lenngR) -
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e, o
The locant for 4he sugpix (whether t 1 dor an alcohw | Qr-Wth-ﬁlﬂﬁﬁbﬁw

0 _as 10 he previous |
lanup ) may be placed befote e parent NaMe as in the PRULUS examgle |

_|accor t{jgg_'_tp a 1948 TUPAC rewnsionof the rules, _E“TFLEQLL.‘-L%L_ ibf!i‘f;'tfq
) . Both metlads are TUPRC gppny

o ;%g'lx_(ag 0 4-m£‘cfujlhexan-1_—ul ) I !
| Procedure er Rules w giving alcohels TuPAC subshihitive Nome
1) Select the longast cenfinueus mrbﬂ__chaﬁduﬁblﬁi\_ﬂhﬁ@%l;

| directly a_ﬂnd:? d. _ei‘mnﬂg +he nome. of Hhe alkene correspo%
| | chawn 1}:) c\t’bppin_q ’H’e__,fma,[ -e¢ ond qcldinj ~he E.u{-f'l'lc -ol. |

—_—_

?@Mumbg:—d‘f@ Laﬂgg&f tonfinueus parbon chawn =0 as & gttem
akor bearing 4he hudmxu( amwo He (ower number. Tndicate 4f,

posihon ~of dfe llt](i?[SXq]L&Wl:p lsq polna Hus number as a locant:
U ¢ U J -t o ~J \ o

tndicate the poshonS ef other suhshmiﬂk‘@s_()‘ﬁgf‘mﬁ)_i‘aa_@r%iﬁi
|umbers _ corresponding v Hhair pusihons along the carben chatn &

2 ! :

By Nome $ l-Pm?anol

Name; 9- Euh:_‘_nnl

- J:Y\Q/\‘v‘!“ Name q.-mdckg\—l-f’@ﬁ&mh
r{ H - Mebhuy\ pentan - 1-pl . ~

| ‘ - (ﬂa[z 2. m%bé;M);#_ —

. P
__l—__l_\ /7‘-\ ~ bi Name ¢ 2 - Cl’ll.DrD—j]_—.‘._ —-————[-___‘_
Y\ €+ 2= Lhboro- 1- propanel
S
- 3 s | - e — : *'__
Y Y e bt 2- .
— g ——— o kb - Dimetylpentan-2 ol .

| _.
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/j > a, fhnnul aroup .
— l oJogod

[

G
\\, \
"/

-

\ \
\

|

Naming Cycloalkanes Monocaclic compounis.

Naming _ subsh-hrted cE}e[oa.[kﬁnes 18 &h’ai%&-hfefumﬂ. ’ﬂm«j are nameo\ 2
alkﬂ\ cgchu(lh{qnesl, halnc&c\oa\kqnes g ﬂlwlmmucba\Ranols_,anc S en.

1 only_one substituent i present, it i ot necessany to A%iﬂrﬂf‘é LE‘S
/HP&Q\_?(\_UH Whea tun Subehituents are ?msml:, we nun}Ber e ving bgyn’ﬂ%_
it A cubstibuent Fiat in alphabet and number In<the direclin Hhat
| dhe next SuhS'h'%:lan’f Ao lower number posaible . Whea dhree o€ mere

|3 ufitwente_are present, we begin Wit dhe substituent dhat leods 4p the

lowest set of locants .

7 /1\}/\

A I\

| M E
L J —. \c( <

—l---—--

s N ‘ Sy
[ Teopepylcycohexane ) 1-Edhwl-2 ~Methy| muclohemne) \\
i 4y = Chlom = 2-ethyl = 1-meth g\%@@mne,_-l:
\H__:___ \) OH ' L
~—Chlomggalopentane 2 —— — .
}_DH H_&_k;b_luleihg loyclohexan-1-ol.

e M&;ﬁme_thy_lmtc_jeﬁheﬁme[. -
\\é/@—-—\ t _ P
L |

R
— Methyleyelohexanol
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i ALKYNES

______;‘_\

T
Alkyoes are unsafurated 0fga nic cvaouﬂc{S wi-th at leﬂ&fﬂ‘&_@%

Carboﬂ ip le bond .

T T
Commen_name Jfer Ahls ,(amllq 18 Ace’cq[en@s apter he simpleek menbe.

—
K—Cc=Cc— H ——

) o £ cuts, but ey awe np
L\ ﬂa’mr@; q\mdnes are rfounc{ in_some ?[an ﬂﬂc‘ ,JC . Eﬂ____g{[l
cemmen as alkenes,

cieutpxin (found mn_waker hem(ock) -

C.H, H—C=C—-H
Cqu: (s —C =C-H
| o M, CHs—CHa=C ZC—H o CHa—c=C-CHsx
leHg —\
| W

CGHIn / \—

NOTE : & carbong 161 fead

(pa}

|
|
|
|

@C[b OC{HF‘IE -— — number 0[_ CQTL‘DnS

’ | required to fom &

/q\\l cuclic mnpounc{__jl

i alkynes.

v

|
j Cyclo fonyne f—f"’[
|
|

! . : o Y —
acetylenic . \ 1 B
[GITEY N ]

J T ¥ “yinylhc (ethenﬁ'\"} -
B
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— | :‘ !
CMM@F Q\Kﬂnes,are cleecn\)@c( ag

m“"‘ GFMMMM@__MWMS depend on whether here is an acakﬂlem

f,ﬁﬂﬂk

- acetgenicgdrgen———

Lt~

H.—-C=C— CHs — CH4 CHs — C = C—CH-

—_

- Budyne, a ferminal a[Kgne 2- Bu&gne an nternal alkyne

| TupAC Nomendakture op Alkynes /s,ml(ar{b—}ha% Jor alkenes).

i Find Abe lg“ﬂedf confinueus chain of carbon atomg —Hu{ includes Hu 'fTrp(L
| hoﬂd aﬁJ Cl‘lﬂf\ﬂe"HL(‘. —dnge enclmq of He pqrené alkane 4o — qne

r Chain i qumbered fan dthe end clesect —h)—Hmfhﬂple. boncp ancl e pﬂif'ﬁm
of dhe Ariple bond ic Aesmna@ei foq tks louwer —numbered Carloon c&om

| Subshhients are gien numloes o ndicate Ahetr locations.

: \ — Name ¢ 2- Pen%t;J ne or PenE—Q—gnc
|___ — Name ¢ 2- Guﬁjnc. e Bub-9- yne
| ey S -
L = Name . E)—Clxlnraplb_ﬁgic___ -
I —; YT B T
R‘i___a 4 Name = 3- l’:ﬁ’cgh'— (ol o But-3- I‘J_”_*C’l -
— g T _

: ~ N 2 ame . 5- m:: [uﬂ l l\escgne T
——5 g4 \\' S
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—_

Prcblem

5

Name Afe (gcﬂc_tyin_g gm}oun& qgc_cr_A_l;l_:s __.;‘D_ELP{I_C_-“_____________*__H‘

—

® Q
>_ |

‘ —
;(uh
’ﬂ@)
©
|
| N
,JI [ €. !
T N X o Hame 3 6 - Methyl- 3-octyne
— N G - Methyloct-3-yne |
f q . ===
| L
| B o =
RO™ = Alkexy R
- = Avanel
(H;0” = Methoxy
CH)O-'H = Mebhorol
: — . -
o __.....__..-—-—‘—-"""j



e -
e |

5
o —
S : - e

__,____;"'"_C;G_ _—>' JdNe os parent ame 4
oo L YN as eubghidtuent e — _&
— N~ . 7 ' 'ﬂ"l‘.;‘ .
,____——/C’fc’\ —> ene as Parenbnam,e.
s en as subetduent
1| The triple bord g Q[l“a}j& the sug{lffao Bemuse U is more éxidized.
9.| Deuble loond isa 3ubsﬁ+uenf: as_en. j
3. Prepo.rence dor numleermq 18 qmn to +he oleub le loencf q.r- +ha 'hub are 11
| equivalent potifions fLom: eitber sids. Olerwise +$w,cham (s numloe:ecf £rom
e ond clesest 1o a '\ﬂuﬂhple bond.
¢ 2 ¢ 6 U
LSNININ - oy
! a 5 -_-f, !
N
2 + 6 /
1/\/\/\
Z 5 \\

— & hudoonrbens (o kel boizk fﬂsubte and *riple laenc[s ar_present are called

U Maenunes

5 A dude loond has pﬂofl’h-l over a ’mp(ﬂ bond’ 20 ﬂumhermq Hie chaw
L. uhen num\ogrmq sqs"r@ms af equ,tVerrLE Q bher wise | the Lf\am 1¢ numboeved’
~&. g 6o end cfeses{: b @ mu‘LJG\P‘E ot -
-,\______‘___ y , C AL i .
\a.______ N ‘\‘Qme ' l_ G = H@P"W\»thmﬁ-
~ g \\ _ Hepho-1,6~diypne.

\\\H . /_"__.__‘ » Name,'. 1 -~ p(lnt{’,ﬂ'—”-'-.—'ﬂﬂe._ S i
=T | fonter 1-en-4 -yne - -
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~_Name -_jt:}"_-ﬁ_}eﬂgﬂ |- F-nonen—1- Hg__e__:”

—
—_—

NOTE Vinul carbons are sp? hqbriciizeJ , allylic carbons are 5?3}%551&29&4

and acebylenic carbons are Sp thTic{'i.'zecl-

Name -the (go((ouring or%a.nic mmpouncﬁs‘.

R

1L . <

(b) P

VA VAYAVAN

| Nome : | gt #2
|

NOTE ¢ | The number of muldiple bonds hae'fobesmclftec[ n e suppioc end

} _

/1 - ‘“ e

——

———— et e e

e —— ____._.---"""

......
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“r Cy - . 1
'///*“'"_/C_ _{ = 1sp woul ( > '\ |

A C, 7 [4 1.__?ﬁ \ﬁn QSO-' J i}
7 | I
N g ischulyl (an iso-) ]

L /C _C ===, = 150 LI.% \qﬂ 1-50"'/ 1y

C
1 -
o

e C \\ =
;/F/C"C_C—%. = itopentyl (an dso-) i
— ‘é
—] >
/‘J . - -
. Name : cis — di bmmocﬂclopenfune ]
-F—--_ 1._

Name ¢ trang — iy

1
—

‘-—-s-.___-_,___

M ‘O(ﬁamc r,ompound,g are c[a&:l{-’\ecn even basecl’ on Sh’uc%u

'EEcLi,c ('cmguqa{p& doulde \omc&.)

— Aropnodi e G\re ne\
| 1
| :}A:J
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270 .
| AN _= onjuasted doalebonde.
=S _ —
x‘/’-\\,/\/-{’ \ /S = Asolated double bonds . T
) . . T
o T
H H s
T
H — H T
XX N [N
| c—> | -
{/j““‘ .’F‘//“/\ \ (/4\\
f {1 N H HT T N H ——
I

Kekule structures tor Benzene
[ (in_resonance forms)

|

|
|

|
|
|
|
|
|

}(ﬂw bo_ncls bebween_carben atoms 1 benzene ale_n petween -he

|

| ¥
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7 - B
——— il &_51§ of CeHs — orr Ph—

Ar — (QF' Tin%_.sulJSﬁﬁenE:g are ?TE.S'EG{T) :; Ar = Arql. ]

<,/I \\\: L=\ |

I (R T P |

o n P |

0 3 ben2y!'™ 7
vinylic Carbons ]\L/! /f /\\-\///,
Ny \ - | #
INNTN N
A
—

. Toluene

~_ There ore hobp naming medods : D Num\:erlng?'_a

o : E.L’_C‘Dé_-, C_l_ﬂc__i @ QHlR,.!ﬁ&
| tara (stump) 2 Start =87, 0rtho 20, Meta = M and

. Stom ' Para =P Lgiving us
— —-_JS_M Po . .

o ",
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[tk l’f;-!.\“‘“\
( . |
M (meda poufmrﬂ

(H, _/_ P (paw posi-ﬁou)
(5tarl hew “—

WL crmlt“'j
and Ot feonuase

:b(,u\)lr* Bend Equ'ru‘alfﬂfs (DBQ, Ind'@x of H}jdmﬂen D?{ifi.PHCg/HD)_

1 Neleculan ,ﬂclmula of cfﬂanic cumfx;unc's_c_a_n g'we (o3 _qf;}qumaﬁq )
abeut P(-5§|HG‘ stiuctual feabures.
Cpfen mapy pessible iscmenic ways Ahat

———

:L\:,h-aci of {umin% a C=C, Hu luss of H?-, can also gi“'-’ Q (‘._5f|'1__c shucture,

_ - Ny Hﬁcj == ;CHS R
\Ji{:ld.(‘(l: ( 2., C) Pvntune_ [net(ujl butgne _ - 1;_1_"5{_"“9“23[;&51‘1_[3__[&?;;;

————

{o Ahere an easy weey o explain Ahuse ghsevvahions ? e ==

- Cne wey o explain Hese facts 18 dv use Hu formula equivalence e fuen
Unga%urafod an d fgjf‘ic Sh‘Ufh‘_‘%' o ) o
Very wstful Ao wnew o many of dhese double bond equivalents

———

B

e =
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M AR hond s (W) Qa- bc’m’r and 1 Hng (i) | - I;,,”rf'anj/ "”’3
(u‘) \?i IIII'SS.

N"”“ ver L‘{‘tl hll(jf.)l Sf a S'huofuwc 0r ﬂﬂJ n‘}p’(‘("u‘(‘ [‘ ['} N‘?(rfﬂ l ’D ('L‘l'f'f( ’
e DRE WS Your Shuabur .
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| A i}
‘,.:fﬂ"”".- . iy - - o ‘.-____‘.. S — : — ¢
dfimvb_lb? the Cﬁ"“e?‘ Jfﬁ“glmm{'ure_’ 120 m‘:ov.-sﬂv& Yo anderse @ ri‘(ﬂb nle a
e /WEL Just \J}j nCreas (g ‘{ﬁj__mu_,e____ﬂm_ by
7 e wolecules howe o mmck envay 4y condente.

- o

vl 1~

rd
-

—
——

~
- |
|

/é@-‘;rw[ume_ NV of l\LLiLLm_ gas ts needod "If-__(:._l: buqugls ,\“ Upt lmcﬁ_m

B qoorq (including e weight ¥ A bellon) ? Tave e donsity of

L OEFT»E) ’l‘flc\lg e aad rli[’\mt e of helium as D_Jﬂ_’qﬁﬁg]‘}f?;_,

!
L
ke 1
]

L
'_/"'

L= oo g e S

|
. . —
| £ toy e
|
| -
[ : = ——
-.______g—__________,____-———-—'—'__'____—'_ B

\“h—/—_* - . —
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—measurecfAbe -
lUlsa)sEm s e resistance to e plow of fluids . Tt i m
EFerh\ cF— all rF[uucLS e [LquldA e gases =
) '\)tsccmh LS af\CedEd lﬂt{ +f~e si2e ef e substances 'Lm‘crrrw(e l
-,\}orces ok p[aq and A slmpe cf He sulstance
\Jtscosﬂ‘q 5 abho c(apenc{ant en ’rempera&tre m&lmnq "fﬁLL
e ‘\‘tm\scflﬁtre e lower Abe L&SCOSI’h«( and ice? Lersq.
‘Tn{"f’mOLECLL[O.T‘ forces af p[cm VA VAIIBUS substance g Jm&l @
|Lﬂtum[,:_ Lond.en chr'Ceé hjdltqen kEﬂciL'nq ond Ci'-FD[C ~cheecle
ntemetiens « Ry exam\éte mqa,nj«uxq M&men bm&tf\q;ﬁ‘j&nu
91’ lu. ) howe, reo.hh& L Ker ULSCOSLRQ_) Afaun mm‘q&,ml:;

IH-e me{fxane( ,ethangl o cm_wﬁa&dJLbfmme edie |

it
uid

—

PHASE DIAGPAMS

e lws en -}ﬁ;F[\ase o[«qumu — ponks en Hu line Cer (¢ pond -
fenpert g and pressure af whieh 9[11198 equibbria_cun exisd L-ehmn
r{f\e, AWd pf«.:LC.-ES

| The 1\ﬂe AB w Al VAP cuve rfpi slid (ice) . Line %'u e

rres:;ure an"re at L«IHC{’\. 1ICe n.mo( VRpows Q&L€+( Subhmq-h:j -Ene -
BC o Afe Solid- Ltchl smuhlmu.m line (me (4in [:mn’c)me

. The Jine BD s VRPOWMY Qe ,{-’g-r l«qmo{ 1-0(1-&:{- L:? 1‘“5471\1(1{ [,,1J
quluc-{q;wmw are alle 'i‘DCogj_g_{-___l\l_g_kg___a;{_jﬁDbC —H}_L_ﬁ’;-,;w ﬁ&_g;u;
B YL ORSSUR

| The Heee lines intersect af B known as e ‘h‘llaln Pmnt chf\ cui ek

. 'rﬂrut are

( 92‘65()% for 1 H° (C‘el‘“‘“\ ‘fLS ’1t§ [mmc’h’ﬂfvhn ”}ﬂpt yenﬂ:

L= = C‘L“Pl“m“‘j—fei’mm’fs WSSUFevwlthtmhm N[Mwnsimsh
| % \ {
: \I\lﬂ o substance be a selid | |  hopwd o 965 mncler giwen [‘(_)ﬁ:(\’hf‘n_v) of
\‘ preseura ond +empoditure

;pz llseFl;{ﬂ?ofmC\ fhon {mf - {reeze cﬂ:\mg

a E\Zﬁ?;’lcmﬁﬁ;;;?m% which S{f‘fk C'f{' b 'ftrmmmct’% c‘l-f D, kne

:Hu, Jﬁ:mpemhm_ ,cm-( p're%llﬁe, are. Knplm t\S ot ]mt qltm[\mffwi Tr M

Iak1 C/&,l (ﬁ%%’m, &
l 4
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S N SRR | | Vi : |l LT | A
| T

Y
|
i

17 ' : ' '- e

4@)_ ““'"‘"5“‘ ~Gas_(onstant, R = £.3145 Fmol™ K™ |
0.083145 Lbarmel K" |
/ L 0.08206 L -atm.mol - K" |

62. 36k L forremol K™
62.36 Y L*mqu.mo(".K'

-

‘ _—
(a’) leC“)Gra Constant, Ry

]

1.09%F ¥ 107 m™"~

f('z) L _fﬂ.asé_JAF electon , me = q.11x167% k

f(""),lplanc_uls Constant A h = 6.626 % IO-'B‘} T.5

|

f(.i)ﬁ[x\@%-f;dm 's CorLStaﬂ{:,_ Na = 6.022 ® 10 msl™

96485 (.- mol™~'

) Tamdey's Gugtenk F =

3.00 % 165 m.s"'

__@‘ fieeol of_light , C =
_H____‘i_._____ - = <
@E Aceelermfion due b%mmmu = 9.¢m.8

__(‘D  Prossure  conversions

1.01325 x 10° Nem®

Eisea 1 5
| _ 1.01325 x 10" Pa =

= 760 torr F60 mmbq__ = 1.01225 bar
“‘k—n,___—/j

A
'0) _ Ober conversion facfols ——
o T.C 10V = 1.602% 0" T
.""‘n.____?_ o - /

3 . - 7_/ '
11_:_,1,K3W
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275 | STANDARD REDACTION POTENTIALS —
| HALF - REACTION. . eMm
S I Vg 3.8
| 1040 t2e +?Hm—> 0y(a) +H20 + 3. 0F
At 4+ e” > PLj+ u 1'.% —
(0t e — %) - T
‘H.,og + 2H 4 2e=—=—> 2H,0 adll i
',.___ 41}[30 (5) "‘4H+(1‘L) +Sou(qq)+ e —> Pl9g04_(_9+2H20 + 1.70 &
| CE’ fqr') t+ € > Ce? (‘"‘) '_"“ + 1.1 T
Mn0,” + 4H*+ 3~ —> MnCh +2H,0 - + 1.68 -
Qe- +f2H""-f—IO,,” —> T0,” + H,0 + 1.60
MaCy 4 BH 4 Se= —> M + ato . he7eS51 12
Mu:ﬂr,_f_ e —— Au +1. 50
PhO, +4Hf +2e —> PL™+ QM0 - . - A4 146
ICl, + 2e- > 21" e
(05 + 14 H* 4+ Ge™ ~—> 203+ FH,0. - + 133 |
IQa'f‘ q_H'F +4e” —> 24,0 -+ 1,.2%
M0, + #HF +2e” —> M2+ 9H,0 - . +1.2]
10: + 6Ht + 5e- —> 41, + 34,0 +1.20
B IE),,, + Qe~ ——> 2Br” s 4+ 1.09 -
\Jo + T+ e~ —> VO + o ____jj.éb )
AuCl” + 3 —> Aut+ 4C" - toqq
INO,” + 4HT + e > NO+ 20,0 - +0.96
] /ao + e” > ClO;_“___H___'___h__ .t 0.4954.
{QHcf* + Qe_ —— HB IR ek L A
Aaa it "_‘_*7’/\3__ __to0.t0
'_—*{*H“mj + Qe” _jﬂHg =41 - to.go
Fe* + e —» Fe* =~ ____to0.7F
]0 + QHt + Qe — H _____ 2 12wy i < 10,68
I{mno,; + e —> Ma02 +0.56
[ Iyt 2e” —0s 2I° ey Jro'é";‘_._ﬂ

|
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] i

i \
~ _;"ﬁldff + ¢ — (y +0.52 ]
~L 0, M0+ YT —5 40H- +0.40
H“-%”/H Cu't 2e” —> Cu +0.34 |
~L Hg,Cl, + 2eT —> 2Hq + 01 +0.2% |
Al t e = Aq 4l +0.22
-\I:’,/LLS_QQ'E’ + 4H” + 2e~ —> H,SD. + H,0 +0.20
BE (CuY te” > Cut +0.16
H%/;@i(w) + 2e” —> Sn™fag) +0.13
HM@@) -+, Qe” —> H, (9) : 0.00 .
N Fe*t + 8e” —> Fe (g - 0.026 ;
| Pt e = Phg —0.13
‘L/};S_D_H' + Qe~ —> Sngy -0y
T NI+ 20 —> Nig - -0.23
B PbSO4+ 9e8 —> Pyt 80, - 0.35
H‘T} d® + Qe —— Cdyy ~0.4-0
_i Fo?t 4+ Qe — Feyqy = 0. 4-4
| (¥ 4+ 3e —>Cryg ~0.93
3+ e —— O = 6-350
2n* + 20 —> Zn@ - 0.76 i
QK,0 + Qe” —> Ho + J0H" — 0-83 B
Mnt 4+ 260 — Mn(® - 3,18
AL2T 4+ 3¢~ —> AL® —1.66
_ H#, + Qe” —> IH” —2:.23 el
\__;mj_fi + e~ —> Mﬂ(s) - 3%
@Y 4 3¢ —> La (¥ — 2.3+
—_ Nat 4+ ¢~ —> Nalp = =l e |
~_ Qo+ Qe —3 (al® U : 23 1 S
~_ Ba¥ 4+ Qe-  —> Ba® - 29 ]
—~—_ KT 4 oo —— K L 0~ 2,99 x ot
~ Sr™aq) + e —> Sr o =9.89
o Be*(aq) + Qe — Be(® - ~1.85
'"““""5~L-l_.-ffiq)_ + e > L1(9) - 3.05 jﬁl
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) ’U». wc[e 8 4 oleotnde at wducl sxid afion +aves p(ace
ab ‘T'ro. CQMQ[W&A at ubhicl reduchon Hares P[OCEI

_EEIE"J An -adduct is M‘mt{ud of an additicn reachon befween o2 mq)fwm[!

| 4 Anelectron carrios a c[ngye of 1.602 X 107" coulom bs .

j__Aﬂ_ _aﬂ{f(oq s +he inverse of [oq. Therefore anéi(oq s 107

K 4 Phase is a homogensu¢ part of Afe system i contaep with other
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222,
k- * |The A\JOch{rn conStant 18 ecluql to  6.022 % 107 . “This meang -+hq;-_j_}_,i\
— |number _of atems n one mole of o substance.  For a.mmple. i Dnﬁ__n_‘_\g_[_g__\op
A _ nl{'rotjen s, +here gre. 6.022 X 0% atems ?resgﬂg, the atbm bemj_gf- m'fna
_ L .
By —_|element e _ﬁ\‘!
o |Here 1s how “he conversion (s done :
[ i . ) 9 __—-___"“"‘-..
- : - 23 S T
) _f 1 mole Oof qtoms = 6.022 X107 aqtomsS of the element m‘-‘
L L 1 mol = 6.022 x.|0" atom$
...J“'._' -1 . T
o |We shall now calculate and rftnc[ out number of moles ef one a’ccm‘em
il element .
o 1 mol = 6.022 X [0 atoms
_,,‘: N 1 mol = the moles cof one atem of an element
| 6.022 x [D?* _ ‘ e
' 2
fi— = 1.6605 X 107" = +he moles °f one atom of an element
. (ﬁ‘ewf"rﬁ the_number 16605 X 107 uill cerve as the cenversion factor
— whenever we shall_want o fflm{. out the number of moles of a qwan ameun
: |oF_ cx’coms__mnc{ _Vice—versa . ‘
| S
| o |
L. | 8 (®) BHy whee Hue ir B,
e . [ . b) N0~ + Al ~> Nhy + Al 0,
L o —= —

FoRGETI X | Do mot. muL’ﬂij—‘}Bu. mefar mass of wComPounc{ bnj ks simcluomeﬁlﬁi
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— e
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& Pmraﬁe \‘e(ocvhj = mean ‘W.(DCL‘hj - -
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d = disfinct T Ty
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LINITING AND EXCESS REAGENTS

Limihng reacents aet exhousted dudnq a chemical reacdion. It s in

R J : I ;
limited a;f?fg. Excess..reqjgnt,ts left ovet.after the. reachon.

To determine Fhe lim'lting reaﬂeﬂt:

1. Caleulafe dhe number of moles for each reactant

2. Divide he moles of_each reactant h:\J each stoichiometric ceefflefent
( number 1n 4he balanced. c_niuq-t{on) .

3, “The smallest ratio represents -the l[mi'h'nj lﬂﬂﬂe_{\_l?_!____._.
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