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Write the diffenence between mofeculority and

order_of s ‘
Mo&w&:m?}; Order %f)ceac&m

(i)

D s equal to the total

(1) Tt s the sum of powens

no. of neactant mofecule

wanc.ﬁvrmfh)cafefaw

yeq#atcbn. As —

1A + 1B —> Boduct

/
nAHNR, Bi=—>5 Reoduct

mofeculorily = 1+1 3 2

m (JL)O( [A]m [Bjnz

¢ [

—nate Law

Otder = (n,+n,)

(1) || 2t & an +heoretical (if) Orden of reaction is an
value . wxpmgrwnta,ﬂ value .

(i) || 9t can not be (i) The orden of neaction
ecr;/vwl to 5%0/—%. i be Fe.

(iv) (iv) 2t can have also

It is always in
v

natuwwal no. 0,1,2,3.

Practional value as 1,1/5,

. LT, o o ﬁg%
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Q.2 | Deduce an_expression {ov the nate constant if = k(a-x)*
of fu‘wﬁ L de = K dt ----- eq (i) B
a-x
jn,teqmted nale egn {isuc M Onder nx™ :- Jntedgmte eq® (i)
In this sec", the rale.depends on the fist_pouer |4k [de
(one conc. tenm) o;f seadhant _conc. pas ¥
—loq(a x) = Kt+C --- eglii).
A (wactant) ————>  Product L)Integmﬁm Constant .
at initial amd. 0 At nitial condition .
(t=0) when t=0 _ x=0
after time t  (a-x) mol. x mol. - log (a 0) = ko+C
’ v C=-loga | put in eg(iii)
Jor 18 onden nxn — —lﬂq(a—x) B Kltu—loga
i kt = loga - 'lsg (a-x)
rate (x) « [A]’ rate (x) = ~d[A] « [A]* Kt = log a ' -
dx « (a-x)* dt a-x
= - d[A] « (a-x)* ky = 2:303log,, a
BZ  Rlaw) . eall). dt ATt
o ’ - - d[A] - K, (a-)" k, = 2303log, @ |---- eq(x)
f [ a-x /4




K

__(?_:__’_3_ fox _q___:l"t&zdw o fﬁzﬁa[#ﬂ]& d,a: tys ,
L pow  much time aregmmf ;ﬁsvz #uz CONVEIssLon 5;( 99.9% |
N 0;’ initial ameunt.

:5’03 ﬂfefaﬁm é/w f{/;, 4;( 159_9.9 /

A [xeaofanf) —_— /Medwﬂf

at initial (t=0) a mel = 1007 Y,

a‘,?ﬁw time (t) (a-x)mol = (100-99.9)7. 99-9 7-

L Given 3 thalf We = f{/l s t99.9 = .
fw 1% ovder ya”
k.= 28038 Jy 04
. 4 v a-n N
i 4 also k, - 0-693
tVz
0693 _ 2303 g _a
ty, % ¢ a-n
0-693 . 2.303  [og 100
ty, tog.94. ¢ 0
0-693 - 2.303  [Jog 1000
tyy t99.94. ¢
0693 . 2.303 o (10)°
ty, t99.97. v
0-693 . 2303 x 3 §- logto =1
i ty, t99.97. e
{aakw = 1y, X 2.303 X 2 X 0-3010

0-693

tg.99 = Ty X 10]
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=20l =
Q.4 | Deduce an expuession for nate conslant of 1 = kt+C e?(u.t) Let (a-x)=t
second onden neaction when both reactants A= X Tnfeguation cont. | —d = dt
have same concentralion . ! dx——dt
At initial condition i the value |
When both the reactants are same :— when =0 , x=0 (fuf'ieiizl),ii dt
1 ;
Tis " i which e b ot dhonds s e ) T _t—zdt f
 AtA ——>  product a Py ”7”
at initiad (t=0) a msl 0 S o e —2t1:l
ot time t (a-2) ol St FETRR ol
¢ Je
) T dsx
for 2 odon px™ — &mmm with Y=mx+c
nate (x) o [A]" r=-8A  [A7* kei
dt a-x o
r= k,(a-x)* =—ZLU' « (a-x)* af—x _% e
== (el R CECE
wh (x) = -4 o (47" DI
B krpu k (a x) S e.zz(u) a(a—x) =
s B i k.= = - eg(v)
k, = (an? i eh e?(w,). 2~ at(a-x) /

'Lamfmwﬁfu?négg




A second order  peaction in which the initial camznﬁ;_w&w&_&fh
| beth the meactants ane same is 25% complele in 600 sec. |
- Hmﬂengwdl.otfakefmtﬁemo&mfogotoﬁ%
s _cwnp&&bn? !
_W For a second orden neaction
B ko= A “’
B t__ al(a-2x) N
| FG’L MaW_M)_ — = %a = 025a
= 600 sec. n
| e > 0.25a
N " 200 " a(a-0.25a)
r SR 005 1
] 600 0.75a 1800a
For the second case, 1 = %a?()'ﬁa
= To be caleulated
e p - 1, _075a = K
"t " a(a-075a)
. _}(*07561 =3 il
¥ t  0.25a ta
_ 1 4 : .
g ; But K (fram the fomt case)
o R
1800a ta
k t = 3 x1800 = 5400 sec. j
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| Q.6 | Effect of domp on Rx" Rats & demb. (efficient |
vy % RX Raie 5 vy

s The sate :9_[ ax" increases  with mcneawg the
iemﬁ due 4o manecwmg Kinetic envigy 65{ mofecule.) ||
[-e. Jzal‘e () oL ;temb / (.m ézene;za!) Il

(ii). || 9n case q[ enzymaﬁc sx"” ( bislsgical xx"). the sale
of stx” Lheneases ubfo maximum 4o°c & then
atop_an slow dus ' to_denalunation of poitein.

(). || The xate 5}{ ax” Un case of qasesus sx” snoreases
2 0 3 funea 6y .ﬁ’l(‘)i'ea&fné Eo"c ien}zb ( genvrally

25C 10 35°C ( v (/
ﬂ = Kas+o)
77 Kas

Jg = (2-3) imes c}f S .
| (). | Temp. Coefficlent :—
: v

The salio aj’ﬂaiiz cemfantajaﬁx atgdiﬁenent
fem,b Wﬂtﬂd 5# IOCKUM% c,:25‘61‘4:3356)

/en’?b C&eﬁ Kas+10)°C

K 25°C .
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| The Awthenius equation gives i 9 bitadive

|
| is_detounined_with ils help ?

(i) | Awhenius_equation -

L—a:__

be&mﬁwmwwiant(k)gfam&mmdﬂmm '_

ﬁﬂyﬁ”ﬂm ()t s gwm A# -

Auﬁmﬁmm ( |
mﬁﬁz o - o
R = wuwual as constant (8.314 Tmel ' K™') |

(e

e e —

T%M&gﬂmﬁmmﬁoﬁma{ﬂmﬁm e?

_Ink = InA - () ’

This egaaﬁgsn con be withn in e fom

Ink = InA - _E_a(__!_) A

@npbiﬁnﬁ Wmﬂnﬁ(é‘"m)m L (x-axis),

wwgﬁtmummm an;@aﬂ Tl

= =~ (slope) xR

WMW OV e ol Fa o




Q.8 |( Explain the postulate

| Trtraducion >
Caﬁ’&dwn a c}wmx.cal neaction on
R e
this Mw%; a chemical on occuns cmfg when

ﬂwmn?fwmwm&mmmmaw__

(Poctulats_of Collsion. Theony = .

Reaction by collision :- The neacting molecules must collide |

mmm#ambmm Witheut collision,

| Effective_collision :~ Not all. collisions ane. effective. Only thase |

ne neactien can oeccun.

wf&ummwﬁwﬁﬁem&cmmau{ﬂmtém&cw%

(equal to on greater than the activation enewgy, E,) and prsper
G:L?enfa&ent’eadfaachemcalmacfwn i

Enengy nequinement i~ The colliding molecules must possess |

ammmmﬁofkmeﬁcmgmﬁedﬁem&m&m

ew%(fa)fonf/wneacﬁmfawm___ -

_cormeatomnfa&mwﬂwf cﬁ.emcaﬁéonddcanéma/eand
newbomﬁcanbe

feﬂwmm@;eﬁam ?mmm

e

Thus | mmﬁbcaf&amﬂwoﬂ#,acﬁemdm&mfa&dm

) m@mwmﬁmm@mm%mm%_

MWW mm@;mmwmﬁe

of such’ offective collisions.




(Q.9 5xplam the sznloﬁcue C&nybmmfm*vj G
(of freedom _with KO molecul.)

i :}ﬂfm L a hmwgenmu‘i and

/Jaraﬁi Wﬂﬁwmapm |

N (ice), &Wz (wate) and ?a,.Tm_(m)

I e -

(WM_.XAWMWWW%_

Wi %@Wﬂuwﬁ

concenfna,&mdcanbevamdadgomdmt%

(Ct GO T b s ety i, i, st

Awne,c}zmcaﬁmmHO Hencet/zenumbmaz

 compenents (C) =

%gegm ) The degre of predom (F) is the |

udepadmevemaé&a(Ma&

| temperature, et Pl et can be |
: me ,emswzz c}mﬁm{ |

_Tfugwen Mg#m&me%

| For HO system i~

Gmﬁm

FE=iC-P+2

ﬂtéuf&fmnt(we+an&m vafzm,PS)

F = I=3+2 =@
77w4af waler , the i invaniant
ot o b it f i




GO |
~ |
S

wamw%wm%wwﬁ "ﬂ

K3
mdmedma:mm&kemaw&d butl%eycanw

&keaW.

meméaﬁwmﬁande&(nw&adea

Ma

a,w;mdmm)mw

) onder . .
__eBWofﬂwW&?de amwbu;ac

/a/:#aml (Ma.amfmfwzxndax k

mm& o) _diffont i diffors -
W%Wﬁ%‘fﬁ? =

mmuﬂ%m%WW(wD)mwm caleulalons,

Wwwmdmt!mmnwte)uand

Mwa&ﬁmedmwmck mzdcca,fandmd{w‘/uafuubwmenfd




_-BDWWWW%WWM

the help of collision theouy. )

maaZ? ziot only collile \bub e codlistori st e

| activated. This means that all collisions are not

B o ol laking the specific seaction sute (k) o
--Wwﬁewrﬁf%cavewf&ﬂmsw P&T

Mfmﬁﬂfmmofﬁo&mo&cu@ﬁwimmm we can write

e _ AN _ -E/RT

| wheﬁeAN qunaﬂ ﬂ ey g

_IEw’am to the e e
qfﬁwmmm&cu&awﬂ%ujby E fraction

o __; ¥ % o e—Ea/RT ___ _(L_u) X
- kg ) o\

The _ collision is based the kinetic
mememwﬁag@mm'%w
vt Sl e S L LT IR,

to take place, at least two molecules must be involved, therefore
the simple case to consider is that of bimolecular reactions.

Henceint&edwawmthatfo{'é’mw WMWMM

unimolecular reactions

(Gl o bl s

In a bimolecular neaction, in order that twe ﬂﬂma#

TMW%WWWMWQW%%&M

f Z is the runbor of molacules per cc taking part in the collsions

= L= Z ol L

magﬁmwlgenﬁzgggm Paﬂ&w&vmﬂmﬂwgm

T .. (i)

and = total number of molecules
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.( the applications of Clsi-Clypepon. egatn.

| CCfamwa—Cfape#Mn equation (mf.egmted b&vzm)D

For the tws Ty and T, with the c .
vapowr pressures Py and Py, f&uﬁegﬂaﬁdf&meffﬂawm—
CWoneczuutwvnu

tog é — —GLAHV [—1—- = -—1—]
el 2803k, W
whene, AHyqy = latent heat of vaporisation

R = 8.314 Jmel" K™

Ti, To = absslute temperatures (K)
P, Po = vapoun presswnes ot Ty and T,
Applications :-
@[cmo;mm%wmg
If the vapow: pressunes at twe temperatunes are
known, ﬂwiafantneatofmfwmaﬁmcanbem&ufafed
mr? Clawsius - Clapeyon equalion as
log (P/ Py
AHWP—2303R_OL/)

- 7)
(2) (Caleulation. of boiling point and. preeging point :-)

At the we of a Liguid i equal
1 atm). Using Clausius—

s :
b T 5

B
b:mnaf ni the solvent

calculated  wsing
103(& = _AHwep [J__L]
P, 2303R |7 T

ﬁmhz@cnﬁwﬂemmmqf &gwda,tan#
@@MM%WWMMM(&)]

molal depression constant (K;) a solvent is nelated
mmmw Jusion (ff)%’r’;;egua&m

g CRATE
f 1000 4;
whexe, Ke = mﬁfa!deprmwnmianf. (Kkgmol’)
R = 8314 Jmol K™
T = wmfmgmgpomtvf&gww()@
f
& = latent heat of fusion per gram of solvent (7 g)

@tCalcufaﬁmqufale&va&m constant (K,) :-
The molal elevation constant (K,) for a solvent is welated
to its latent heat of vapevisation (4,) by the eguation
= R
*~ 0004,
molal elevation constant (Kkgme[’)
8.314 Jmol' K!

whene, K, =




 was  proposed by Le - Chatelien (1885), and |
- F Bﬂaum(iSSé)_bywﬁicﬁ & called as mobile |
equilibrium. ot Le-Chatolion and Brown  principle |
I an equilibrium is subjected to a stwess, the
equilibrium.  shifls in  such a as to |
| reduce the stress. e |
1) Effect of presse = e
» fifwa!tdé_ these dinection whene the no. of |
mol. is less. AS- 7 1
A=B+¢C_ = ArBSCTD |
Anr=8a = An=2=2
- An=+1 e An = 0




| Haber process : |

Discuss fheunpamtanceo{LeChate&m,wnap&
mfhenwwjac&mo{ammabyﬁabmp)wcm

Ammenia. is manufactured by the direct combination of
Na(g) + 3Hy(g) = 2NH;(g) AH = —ve (exothenmic)

LeChate&mpm&heémmcM&ungtﬁemtaMawmﬁtmte
obtamma,xcmumgwfdofamma

0f.f.e Chate&w_punaple:j

Oy

In the neaction, 4 meles of gas (1 N, + 3H,) give 2 motes

ammenia.. B mengw,ﬁwe?w&bwnmw
%mﬁmmm,t.e.,mm@

Thenefsre , hxgﬁpmame (about 200 atm) is used.
Mederate temperature :

Thzmammmam#w%nuc J‘PcwmdzingteieChate&m,amnceo&
wamﬁwmwmmmm
Hence, anwdvmte@npuatww(ffoo 450°C) is used.

‘}hghwncznbmﬁono{xeactanta

T ﬁwcancenbnaiwn(w wmddztgmbwgm
mn)mwwmmm
Saexcmaffwaomﬂidmw&d.
Am&mwmmmfgfmwed thenmotwnmx&uw
ety Rt G s

Thus iecmmm&mmmmntmﬂw]#m
Qmm&m)wmmofmmmmmm
mmmqufamm&mata@bfammammwfd




A7 N4
c 3
Ruestion number 15. White Hhe characloislic ||
#MMW.
(i) %mwm&mm(z)o{mwww
und'l; 0.6
s RV o
Z——-——W I
(fi)%pw&d&{ﬁwmam{w&(ma{mw%
8 cmfantl‘aanaMe Le. PV = L
(Bayfeslhw)
Giii) %mzdmﬂgmum&dafwnmi‘pwwwm
volumte  dieresses cenfm.u&adqwd -273°C, its
w&umﬁewnwdw
(iv) jﬂ;ﬂ it s allowed b expand withsul dsing any
extonal wotk, it shows no thowmal effect.
v) %una/nwa{aﬁmo&mézﬁc/wnm&&wfa&{
mzdwﬁw
& %))
7 <IN

N
<



7 26

__CD

U

ﬂudﬁadmw%%%ﬁ%[dw __

i R

(i)

a3 . zeJ_

_ e W-
wfi’&a atddm%p converted

i) ||

m_(?adbe/mmmfdeafgaa
__%evo&uneofa/zeaffaddwmfw

=B 7=

27068

5
Z:—-__
8

_%fx,tma%wedfom?band wt,ﬁ/wwt%cmjz

extemnal work | it shows no thewmal

b (A

3b x 97Rb

8aR ]
(570 S

an  Jdeal gcw

Mﬁmw%@Wme%J

=~V
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o wite th MMA of finetic_moleculu m/?
il f»pfg;am L
| Postulatss of inetic moleculan. theory of Gases :— ||
"_%mmmﬂw?mmmmﬁm? |
Retatsiin |

_(Q___‘ngé_il&maa{eup%wmd/amﬁc&/m&wfz,

(i) | These molecules one 4o small that thein actual volume ||
| MW‘A&MW&WWW%#@_
|| @) | These molecules ane in the state of constont rapid |
| metion in oll dinection, collide with each sther and

afdowd/cﬂewaﬁlc%z‘/wwnfam
___(i\{)__(-/w mefeculor c&(&umww/bﬂMMc 40 z‘hit
thewe s no less :9{ Wﬁmﬂww&m
with one ansther ox
_(V) ”LWMM a@mﬁ»nbz&uemﬁzm&&ao&%
| - mwmmm
L_(w)(/?w pressune afga,ax.ls daetawﬂm‘afmdgwm
Y i) | Law classical  mechanics are W motion, 6
Bike,| § foou ol yr\'




b))

.Q18.

Write the awverage veleclty, mest probable velsel ‘!
and )rwé mean aﬁfam @;afu %

| (a) |

)‘}V&r %(Va,) —  The a,vexqra,ge velocity é(wen béL
the mfhmd‘zc mean 0{ the various uef&afzes‘ foam bﬁ‘

molecule .

[-e. .zgf’ N; melecules have vd&afq \z_’ij,Ni__m&chuEea have

velscity V;_ and b6 on.

‘Thvzqfsne average  velscit y

Nivi+/% Vo + Nj

PR N NG - o

}[gnca; i Vo = % N:,VJ._'_ *———6?(1). = 5

i=1 Nj

Thus , the value of Va can be determined with

Yhe Maxwell’s ° distribution law .

e W o TGS o B Tt e?(.ﬂ)

mTm

Since , q"ar 1 mole of gas . PV= RT

Va = [BEL - ——— eq(3)

Stnce | W{? (d) = =+

o Va = f—s-‘%,- ———eq(4) —

(b)

Mest prabab& vd&aéy (Vmp) — Gt s defined as—

“ The uef&a??g posses by the ‘maximum no. aj‘ melecules

gas at a ' given tempenatwre ”.

From the’ Maxwell’s dfs%mbwtwn law , it ig given as—

Vinp _\/TR_T' \/W \/R_P' —~:——eq(5)

(c)

Mean are vels (V) and Reoet mean &quare _____'_ 1
CV‘I‘MA%‘ /-'Jié( = IE

“The mean o{ the squanes of the vefecnﬁes af;ﬂaﬁf ﬁwmafecufed A

in the qas, is called mean A?_uwze. W;E'aw;‘y T

geg{Nim&fzcuﬁaﬁaw.w&?d? Vv Namafeculuham

" velscity Vo and s6 on.

The total no. 05" molecules = Ny + Ny +----- = N

2. Kinetic enengy of N qasesus molecules —

K-E. = NyX4£mVi + Ny x 2 mVp® 4-----

= g_m(NIVI"-f-Nsz"-f------)

NV‘?' = NIV1""+N,_V2_"+ """

VR' = Nj VI 'f‘Ng Vz ) R e R s ) -__-__ SO e_?(é)

This £s mean squase vd&afy

The woot mean squane vefaafiy ]

Vems = \/ (Ng Vi* + Ny Vo2 4 ---- - [--) - —— ??C?T_:

 On the 5@5(,5 bneﬁc thesny gases - L e
#Vrm [ = 3RT &f/ LV = \/‘SP ***** eq(8)



 erbital arg;ulazz

fxg/daﬁm whmﬂwalom—mbdm&mdwnmmaé the
efed‘wdtafw mfemcfwn between the elections s much m?m

L‘hanﬂwxspm- wuﬁbgﬂnmm the individual
andgomangwfa}zmmmmfa(s)ai

aﬁe&o&mfmf fac?mﬂwmuffanfm&w

— ﬁmdw? to L-3S coupling , the A@é are as  {ollows : —

oupling

(i) The individual etbi wlon  mementa (4, 4, ,...) of all

aggufanmmnenfumLandfhemdfanfa)am qular  moementum
S%WM&W%LSC@%&V?M Russell - Saunders

)4
é?,;fm the L-S o g)

eloelvanis | carmbine. veclstia lly to give the total ovbital

: ar?ufw‘c mmmfcan i
(ii)) The individual al?uz'afz nmwzfa (55 ;. 850, - )aﬁ’aﬁl

mementum S. ¢ 7

(ﬁi)%f&fafm&fdanqafm Wmimmw

gz‘/wnwaf&fﬁ?_we_themuﬁanf

GEJWWM A e J=lF5, LEScT, _j_L_$_.

The rumbers _used todescribe _the L -3 coupling ||

_Afafed are :

L lituwans | combine veotmaé, to_give the total spin angulas

e o

) tolal spin quantum rumber (5-0, 1,3, ...)

S
L

i}

W =20,1,2,- cwws)pand[nqtoSPDF--)_

J

é
Sl
;%
1
%

(J=L+S, L+§-1, ]

My = =3, =T+1, -, +] (27+1 values)

‘EachLSwup&néLdafeuWedb&Lfﬁe tovm dymé&f

2S+1L
F

where (35+1) s the WM &5 the stale J

JIN

fofalo’réotalarﬁulmmmﬁmquanmnnwmﬁm_m
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Write the postulate of Werner’s theory
of coordination complexes.

The main postulates of Werner’s theory of coordination
complexes are as follows:

Metals show two types of valencies: primary and
secondary. The primary valencies are ionisable, satisfy
themselves by negative ions and are equal to the oxidation
state of the metal. The secondary valencies are non—ionisable,
satisfy themselves by neutral molecules or anions and
are equal to the coordination number of the metal.

The primary valencies are directed towards ions outside
the coordination sphere, while the secondary valencies are
directed towards ligands inside the coordination sphere.

Each metal ion has a definite and fixed number of secondary
valencies, which is called the coordination number. These
secondary valencies are satisfied by a definite number of
ligands.

The secondary valencies are directional in nature and are
satisfied in space in definite geometrical arrangements
e.g., octahedral, tetrahedral, square planar, etc.

The ligands may be neutral molecules (such as NH;, H,0O, CO)
or negative ions (such as CI, CN~, OH") and each ligand
satisfies one secondary valency of the metal.

The group of metal ion and the ligands attached to it by
secondary valencies forms a coordination sphere, which
remains intact both in solid state and in solution.

The ions which satisfy the primary valencies are present
outside the coordination sphere and can be ionised in solution.

The theory explains the stereoisomerism of coordination
complexes on the basis of definite geometrical arrangement
of ligands around the central metal atom.

...%_'_e..
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T Q21. Valen Theory (VBT) :- N
L Q Valence BoND (vBT) %

The theory was develo Paulmg ,
K :)j* The central metal atom/ cation has empt# I
s, p & d atomic orbitals, egual to s
B co - crdination no. “These vacant orbitals }%bﬁdzised

ethern ¢ brid bitals .
‘{l(, %e M rmarbi als a)rir £Vﬂm:§’ - wvaéntmﬁ ?
0 definile. qromeliny. b

R

(i) The ligards have afleast 1 lore pair of electrons.

!
1
|
!
1

N ng to VBT, the é"”“"‘i? ., / |
Q "‘) wﬁ‘z de? k. o lfm orbit %;1 17‘”‘“’ ¢
1 - m : 2 , i cant (4
LIZT w orbital Pt Wﬁ metal a’t"’i :nad 3&0 £ ;\‘i
co-oras 22 |

i e
C(iv)) The str 7 W (co, cN", en, NO™
| &m/} NHS*_,%..@C.) have the %endency to Puah ,
| and pabx wup the non- ‘bmdfr? electron present dn |
| the atomic orbital ogf metal " ; where as the
| weak l‘g@"d (HeO, \Fo. LI, B¥i = st
r\ﬁ) howve no- such {y/oe c?f %emiemy.
(V) The pairing ectrons _in the alomic orbifal
A0) plliig

ﬁundis Rule . s Wd%? 2

L[] et

| b)) the unpained electrons are  present in the
[ 1 . el T

é .Pammﬂgmffc othewwise dcamagné&c complex .
\Y V") I the lﬂ: is_styong field , to form low spin (innex ¢/

e orbital x ), and" Vice-vensa..
) @ - —_——— —e —

i

——0@0—— = oﬁ







Wiite the difference between double salt
and  coordination complexes.
Double Salt Coordination Complexes

Double salts are ounds
which on dwsalvmg in water
3u.ﬁe all the constituent ions

i T

Cotrdination cmnpfems are

an?ada in which a central
metal atom/ien s swrrounded

[}Zn ﬂigcmdz; f"’m’ﬁ a cernpfex

(FESC)‘?'(NH;})'ZSO‘F . 6H£O)

They are &mpfa tonic are wmjbfex cwnpawvdé

cilma\(f)oounds defuute coordination
sphere

In solution, n agquesus .solwfwn

dwseaate com fet “fl:é vetain their cornpfex f::ﬁ as

all their consfx a whele and do net 3eve free
constituent ions.

ﬂwﬁ show variable aijj have de fe tion

campeaiffm. ftxed sfmcfuometrj

Their operaes are the | They show new m/berﬁes

sum of the proper&e& Of dif rent fmm constituent

the cmsht(wni Lons . o

Mohrs salt [Co(NH;)s]Cls,

etc.

[Cu (NH3)4]SO4
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'\ Q24 Wite a shot note on ligands. '

O ®

Anﬁt Species ﬂam'ng (+ve) [N= O+] , (-ve) o neutral ‘
change which have cafaab{fitga to denale the lene pair
% electrons To the wvacanl o - enbital Gﬁf melal in a

cmwjnfex? arne called l[gand/_s. b?anaﬂs act as Lewis base.

{T es of Ligands |1 —

Ligands ane classified inlo the owi wfe?aqu_ |
on ff[?i: basis 9§ d@naf alom Fneesentfefi ihngm e ‘
j Menedentale :— Ligands which donale one fone pair
| % elechons to the melal alem, are known

as  monodentale .
;)f%ég:i“ BN Cl . Br . 0H , CH.€00 (]Dgztfdine)

: + ©)
OCO P NO 3 Hzo, NHs, CH,B_NHZ? _N

| Ambidentate :— It is menedentafe but have Hwo

iﬁws % demer  alom .

for egi- CNT, NO,  SCN
.0 =nl C=Ns—> *—3;{52 o
cbwmo. Lsocgano. (10 :
< ' SCN: «—:NCS: "rzo,]’;",‘; s
Thiowyanals.  Tsothiocyanals Hiuite 19/ ¢

Lo
(]
1
k‘ :



Write the different #ype of
with - example.

TIsomens which have the same molecular ula  but
different  structural artangement atoms axe called
structural isomens. These axe ob" the {@ft‘mﬁng tgpes $

(1.) (Tonisation isomenism. |: — This type of isomenism
occuns due to exchan oups between the complex
ion and ion outside it. Such compounds behave diﬁ’%enﬂg
when dissolved in water.

Example : — [Co(NH;)5Br] SO, is red-violet in solution
and gives a precipitate with BaCl,, confirming the
presence of S0,* ion.

On the other hand, [Co(NH3)sS04]Br is red and
does not give test sulphate ion in solution but
instead gives precipitate of AgBr with AgNO; .
These two compounds are ionisation isomers.

@ {ﬂydnate isomw'sm):— These isomers differ in number
of " water molecules attached to metal ion as ligands.
Thus three isomens CrCly« 6H,0 axe known as
given below. From the conductivity measurement and
quantitative precipitation of ionized chlorine, tﬁeg have
the following formulae :
o () [Cr(H,0)]Cl4 — Violet (three ionic chlorine)
¥ (i) [Cr(H,0)sClICl,-H,0 — Green (two ienic chlorine)
(iit) [Cr(H,0)4Cl,] Cl-2H,0 — Datk green (one iomic chlotine)

. @ —— °

Li isomenism |t — This type of isomerism occuns
when “move than a single atom in ‘a coordinated %wou?o
eithex

—=o

may act as a donor. For example, in NO3 ion,
oxygen ot nitregen can act as a doner giving two
different isomens. Twe isomers lu‘ia cobalt having ~ ligands
ammenia and NO,. ,shmuing i

ge isomernism ~ ane
iven below :—
[Co(NH3)s NO, ]**  — pentaammine nitro—N - cobalt (II) ion.
[Co(NHs)s ONO]** — pentaammine nitrito- O~ cobalt (TII) ion.
| Another ligand which can exhibit linkage isomenism is
thiscyanate ion SCN”, eg., it can form M-SCN and M-NCS.
\ | Coordination isomenism :— When both positive and
negative ions are complex, isomenism is possible due to the
in?mchange of ligands between the two complex ioms. This type
‘ isomerism s called coordination isomerism and (s illustrated
by the fotlowing examples : —
[Co(NHs)e] [Cr(CN)g]  and  [Cr(NH3)s] [Co(CN)e]
[Co(NH3)g] [Cr(NOy)¢] and  [Cr(NH;3)e] [Co(NO,)e]
In [Co(NH3)e, [Cr(CN)g], [Co(NH3)s]*" is a cation and
[Cr(CN)¢]*  is an anion, Ligands interchange their positions
to ferm [Cr(NH3)s] [Co(CN)¢]. Cation is written first.
@mdinate position isoma'a:st :— In polynuclear
complexes, an intexchange of ligands between two metal atoms

ives tise to another type of isomenism called coordinate
position isomerism, e.g.,

®

NH NH,
S i
|:(NH3)4C0\02/C0 (NH3)3C|2} Cl, and [(NH3)3C°\02/C°(NH3)3C'2 (el

Tetramminecobalt (II) w-amido-u-superoxediamminedichlovidocobalt (1) chloride and
triamminedichloridocobalt (I) ju-amido-p-supevoxotriamminechloridocobalt (IIT) are-
coordinate position isomers. Here O, , superoxo, is one bridging group and the other is
amido (NH,).

{E’o@mu&zair.m isomenism. |: — This is not a true isomerism since it occurs

Jormula. Thus [PE(NH3), Cloln, [PE(NHs)g] [PECl
have molecular weight in the ratio of 1:2.

between compounds having the same empivical fm’mufa but diffevent molecular
0
Ve o

(¢)

W)
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“é 27. Explain the collision diameter and collision number. ﬁ
‘ Q_., . M e R e e e = S, — :
(1.) (Collision. diameter. ) :~
Collision is an event in which the centres of two identical molecules
come within a distance o from one another as shown in the figure below.
Sigma (o), which is the distance between centres of the molecules
at the point of closest appmach, is called the collision diameterx.
The collision diameter (d) is the minimum distance between
the centres of two reacting molecules at the instant of cotlision,

at which fhey Just touch each othex. It is ecguaf to the sum of the
radii egf the two molecules.

d =714+ 78

| @ [Co(&'&bn number J P~
| The collision numbex (Z) is the total number of collisions

mcurxing per second between the molecules in a unit volume qf
the reaction mixture.

Z=\2no*cp l .
where,
Z = Collision number
o = Diameter of molecule (collision diameter)
¢ = Average velocifg of the molecules
p = Number of molecules per unit volume

cf the gas ( denaa'fg )




o
|
|

h

o = = 9

i) { Collsion.. fhequency |

It is the number of melecular collisions occu/uung'
umf&mpmumﬁvimeofﬁzgaé -

Total numbm%’m&cu&éwf&déngpaumtw&m

)(/

®

| per unit time is obtained by multiplying collision number

bg numben demﬂfy p- Thus total number ofcof&dm#
molecules = 2 1 o” ¢ p?.

Since each collision involres two molecules of the same
igpe,numbmrg’cof&&miagivenbymahagofﬂw
ZH=%-~[2—7TO‘ZEP2
=%n026p2
It readi fo%watﬁatmmémgfca{&;s{bm%fmdewfa
qftype%tﬁa&egf!‘#pezm&EEWn 5{?

Zy, = T o’ Ep, p,

i .. (i)

o where p, and p, aredemideaafmofecufeao/igpelmd

[/

e -

&, 2 nespectively.

@) (P T )

 whene

or Pk = NkT where N (=nN,) is total no. of

. Gi) |

: Itmgivenéyﬂwegua&bnl 1/3—
. =1 4=
; Pd

= T
oK<t
-
L

VA
Mean f)zee palffb (L) is deftrwd as the mean distance ¢
tnavelled % gas molecule between two successive
cotlisions. B
Aol o G [Substituti Q)]
Z; V2 ot cp m’? ﬁm
Also PV = nRT = nN, kT
N, = A 0’s numben
and k = Boltzmann constant
[Gas constant (R) = Avoga.dm's no. (N,) x Boltzmann constant |

..(iv)

v v mfecufuinnmo&égfﬂwgm
Sinupidffwnumé&tquofeculedp&tum'ﬁvo&me, p=g
; P
Thus P=pkl or P=%T (@)
Suﬁdﬁmtinjzﬂwm&wgrpofin(iv)
J kT

V2ma?P

Mean paﬂxﬁa&oszafedfoﬂwvﬁw&dyafﬁﬁegm.

whene

P = Pressune

the °

d = Densi the gadgm 5
?7=co???aér¢ff 'casig/%/ﬂwgaé 2

olo B I-,'n_‘s




?é. (iv)) Mean Free Path }

Meanf}cee (l)wdz{zmd'a.ab&emanmtancz

Itwffwmumﬁerofmo{eadarw{lwmoccwrmgperm

b%w gas molecule  between two successive
mperwuiw&maft}zew cm’lwmw—__
| ¢ _ & | [ @)
Total. rumber of molecules colids unit volume per | A = A \/_M = tituting from =
de; mubgtot‘al rumu’)e Mw&% rn,adec;u.[el:.f¢ Also PV = nRT = nN, kT
“ P = where Ny = Avogadro’s number
and k = Boltzmann constant

P o ol o ol

[Gas constant (R) = Avegadro’s no. (N;) x Boltzmann constant ]
o po nNakT _ NKT

Since each collision involves two molecules of the same

——— where N (=nN,) is total no. of
type, number of collisions is given by one of this 1 4 molecules in n moles of the gas
Since p is the number of molecules per unit volume, p =2
Z11=%'ﬁ71'0'25,02 -ﬁ"’:jf’; H""f Pper A
1 = pkT or p = *T - (v)
- 1. O%E, Pl .. (@) Substituting the value of p of in (iv)
T
Ifneadd#fa{fowsﬁw,tnumba'ofwl&aomofﬂw&cuk& _\/fno‘zP‘
of type 1 with those of type 2 would be given by Mean free path is also nelated to the viscosity of the gas.
; N , It is given by the equation =
2, = ﬁﬂo‘ CP1P2 ... (i) A=nypr

where p; and p, are densities of molecules 1and |g where P = Pressune of the gas
Ny 2 nespectively. 7 U = Density of the gas
1 N = coefficient of viscosity of the gas
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) (Q29.] Devive the Clausius-Clapeyon equatin.) N (3)| Approzimations |-
e : T Gi) Volume of the liguid (V;) is very small as compared to
;_Intaoduct@ = R _ the volume of the vapour (Vg),gﬁmce V=V~ V.
The Cfau&r.us~C£apegzmn equation  gives the relation @ Ve vapoit lehmratas a-idedl gas, 5 fof 1 widle:

between the vapour  pressure of a substance and

temperature during a phase change (liguid = vapour). e = BT

o S g entfmt;f (latent heat)” of R

vaporization or sublimation and” to find how vapour _ where, R = gas constant.

pressure changes with tem,pemfwre. Substétu,ting in equation (2), we gef

(Devivation =) dP _ AHwp P ’ - (3)
Consider a system in which a lguid and its vapour are in ar RT?

dynamic equilibrium at a certain temperature T and pressure P. . @ I Ditegmt;ugq vis Aﬁwm.ng AH, nemains oonstant over the

@ EC[aP%n equation J;" For a phase cﬁange, the slope "f tempenature range, integrate equation (3) between two
the equilibrium curve on a P-T diagram is given by _ temperatures Ty and T, " with cortesponding vapour pressues
the Clapeyron equation : PIMPZ'PZ «

dP _ _AH ) j 4P _ AHwp j 41
T =~ TAV p—F B iy I
where, = tha[’n = for R - Integmﬁng, we 3&f
= en ¢ phase. change . T.
i ab.so{utz femni:eatme I (&) _ AHvap [_ l] :
AV = change in molax velume (V;=V;) P R T dp,
@ | For liguid-vapour equilibrium |:— For vapotization of a liguid, In (%) = _&R"“E (TL_TL)
AH = AHyqp (molar enthalpy of vaporization) L 2 L
AV = V_g"vi ot l (&) - AHvaE (l_l)
g Hence, equation (1) becomes ‘ i Alvap ‘ o) ’ " Py R I T v
ar  T(p=V) This is the Ctausius—C&zpe#wn equation. %
(-] —= e (=]
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~ Explain the Ovgel diagram. for D' el ith exanple.

. Introduction  :—

The Oxgel dcagmm is a qualitative energy level diag;ram which shows the
spliffing of d-orbitals of a transition metal ion in an octahedral crystal field
and the possible electronic transitions between these levels.

For a D! configuration, there is one electron in the d-orbitals. In an octahedral

field, the five d-orbitals split into two sets: lower energy t,, (dy, dy,,dy;)
and higherr energy e (dzz,dxz_HZ). e

(1) (Splitting of d-orbitals in octahedral field | :—
o The three t,, orbitals (dyxy, dy;, dx;) are stabilized by an amount
0.4 Ay (lower in energy).
o The two e, orbitals (d;?, dx*,2) are destabilized by an amount
0.6 Ay (higher in energy).
© The energy separation between tag and & levels is A, (octahedral
orgstal eld  splitting).

(2) (0Orgel diagram for D' metal ion | :-

33 (d22, dxz-gz)

Energ#
o 1
S
I
!
!
!/
]
!

'

!

I
1]
[}
[}
[}
]
(]
[}
I
!
I
(]

= = by (dey,dy, o) § 040
ree ion :
) Octahedral field
(3) | Electronic transitions |-

o In a D' system, the single electron occupies the lower tyg level in the

ground state: t,;' e’

o When light is absorbed, the electron can be excited from t, g b ¢ level,

giving one spin-allowed transition:
k tzg — ¢, J (Enexgy = A,)

Ti®* (d') in an octahedral complex such as [Ti(H20)6]3+.
o Ground state configuration: fzgi g

o [t shows one a.bso*rpfion band in the visible negion come.sponding to
the transition tzﬂ = (ATE
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 Explain the splitting of d erbital in octahedral complres \

> %,:
o —L according to CFT. o
 Octahedral complex  :— —— : SR
In an octahedral complex, the [;SM / &l fwld j._
central metal ion is surrounded
by six lfr.'ganis placed at the A d,?, dxz-yz
corners of an octahedron along = ezz_ level
the x, y and z axes. O (higher energy) |
rRmm rfm' 5Phtﬁn9 ]:_ /! 5 3 A A
e In a free metal ion, the five == !f" 5 =2
d-orbitals (dey , dyz , ey, 2, | | —— / | A,
dy*-y?) are degenerate (same Lﬁ ———_____Q\“"“““:i ——————————— (octafzedr.al
energy). d-orbitals \ i
o When ligands approach aiong in fq-ge on \ _ 2 A Sl
the three axes, their negative (degmafe) \\ i 2 § &7y
cha,rge Tepeis the electrons in \
the d-orbitals. = .l
© Orbitals pointing direct! ——
towards the liggnd.s expirience dxg , dgz i (E’W energy)
greater repulsion and are
raised in energy, while Splitti d=orbitals tahedral complex
orbitals lying gbgefween the g | s R E ] J|
axes experience less repulsion
and are lowered in energy .
| Groups of orbitals |:—
@ [ tz_g orbitals a"“’ﬂf W%) ]:_ dxy ) dgz ; Oz

@ These orbitals lie between the [igand axes.
o They experience less repulsion and are stabilized.
e Their energy (s lowered bg % A, relative to the average energy .

@ Le; orbitals (higher emgg)_}:— d;?, di* -y
@ These orbitals point dfl'recﬂy towards the [L'?a.nd.s.
® They experience greafefr Tepul.sim and are destabilized .

® Their energy is raised by % A, relative to the average energy.

Important points  :—

o zntg;;e% separation between t,, and e levels is A, (octahedral crystal field splitting
o t,, set contains 3 orbitals and e, set contains 2 orbitals.

® Average energy of the five d-orbitals remains the same ( barycenﬁre).

. e iach3 el;ctﬂm in t,g lowers the energy by % A, and each electron in e, raises the energy :
¢ 5 o ¥




Explain the combined D! and D° Orgel energy 7
level diagram for octahedral complexes.

1. Orgel diagram :-

The plot of variation of energy level of spectroscopic states with crystal field
strength ( Dq ) is called an Orgel diagram. The energy level diagrams for d' and d°
in an octahedral field (0,) are mirror images of each other and can be combined
in a single diagram.

2. Splitting of d-orbitals in octahedral field |:-
o In an octahedral field, the five d-orbitals split into two sets:

lower energy t,; (dy,, d,., di;) and higher energy e, (d,2, dy2-y2).
o [he energy separation between these two sets is A, (= 10Dg).

(3. Combined Orgel energy level diagram for d* and d° |:-

|
| =
1

|
A zEg d’' (0,) 42 0,) 2ng
\ eg (d2,dy2-y2) tog (dy» dyy
? .. 2 - |7 Barycentre
&
e (dzz, dx2—52)
/—tzg (dyidypidss) —\9
2
TZg ZES
<«——— Increasing (Dg) Increasing (Dg) ——»
4. Explanation |:-

o Left side of the diagram shows the energy levels for a d! ion.

o In d' configuration, the single electron occupies the lower t,q level (Tp,)
and can be excited to the higher e level ( 2!:_5z ) (spin-allowed transition).

o Right side shows the energy levels for a d? ion.

o Ind’ configuration, the single hole (unpaired electron) lies in the higher e
level (°E;) and can be excited to the lower t,q level (*T,g).

o [hus, the diagrams for d! and d° are symmetrical about the barycentre and
give similar spectral patterns.




%* ¢ Q33} ) [ Explain the L~ S coupling/spin-orbit coupling.
[C Spin-orbital or L - S Coupling |

-! The magnetic eﬁects of the resultant angular momentum, L and the resultant spin moment S
| couple together to give new quantum number J called the total anqular quantum number. J values
|| can be obtained by the vectorial combination of L and S by the coupl mg scheme called Russell
| Saunders or LS coupling. The J can acquire all quantized positive values in the range | L - S| to |
LE+S|as:

B =L+ DLt S =10 ES=2) | L= 5]

| The J values are separated by 1. The modulus sign | | indicates the absolute value of | L - S|
so that J = 0.

The J value is written as a subscript in the term symboi.

We shall illustrate these rules by taking the examples of p2 and d? conﬁgurations :
Jz—Cmﬁguration ]

For the two p—electrons 11 =1 and 12 = |

L= @) e (=12
= 2, I 0
States D, P, S
It may be noted that the last value of L can also be obtained by | I, - L, | i.e.
1-1=0

|
' The enerqy states are S, P and D.

For two electrons,
= == o T
L = (+2+2), (+2+2 )
= il 0
It may be noted that the second value of S can also be obtained by | s, -, | or % - -;12— =0
The spin multiplicity (28 +1) is :
For S =1, spin multiplicity = 3 (Triplet)
For S =0, spin multiplicity = 1 (Singlet)
Therefore, we have six states corresponding to states D, P and S and corresponding to spin
multiplicity 3 and 1 each which can be written as

A8 P2D S, P and ‘D,

|
Calculation of J values; g
(a) When L =2,1 and 0 and S =1 R
- . a.g
o e



(i) When L =2, S =1 i.e. 3D state
J = 2+1), 2+1-1), 2+1-2)
= 3, 2 1
We cannot have J = 0 because the range J is from | L +S |to |L — S| i.e.
|2+1|to|2-1]ie.3tol
. Complete spectroscopic term symbols 25 + ]LJ
°D,, °D, and °D;.

(il) When L =1 and S =1 i.e. >P state.
r = (1+1), (1+1-=1), 1+1-=2)
= 2. 1 0
.. Complete spectroscopic terms are :
By, P, and 2P,

(iii) When L =0and S =1 i.e. 3S state
J = 140
= 1
We cannot have J = 0 because the range for J is from | L+ S|to|L - S|
i.e.|0+1|to]0—1]ie.1only
Complete spectroscopic term symbol *S + 'L is 7S,

(b)) WhenL =2 1and0and S =0
(i) When L =2 and S = 0 i.e. 'D states
] = 2%0
= 2
J cannot have values 1 and 0 because the range is
from|2+0|to|2-0]ie.2only
. Complete spectroscopic term symbol, 25 + 1T, ;s ID2

(if) When L =1 and S = 0 i.e. 'P states
] = 1+0
= 1
J cannot have the value 0 because J ranges between | 1 +0 |and | 1 —0 | i.e. 1 only
.. Complete spectroscopic term is IlF’l.
(iii)) When L =0 and S =0 i.e. 'S state
J = 0
.. Complete spectroscopic term is ISO
Thus, the total term symbols for p? configuration are :
D, "Dy Ds “Pis OBy, 5,78, U, 'R, and '8
5 i 2? 1’ 2’ 1 0’ 1? 2’ 1 0
Each of these value corresponds to an electronic arrangement.
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' Q34.| | Short note on Jahn- Teller distortion |

| Introduction |

Jahn-Teller distortion is a geometric distortion that occurs in certain non-linear
molecular complexes when the ground electronic state is degenerate. It was explained
independently by Hermann Jahn and Edward Teller in 1937. The distortion removes the
degeneracy and lowers the total energy of the complex, making it more stable.

| Statement of Jahn-Teller Theorem |

“Any non-linear molecule or complex ion in a degenerafe electronic state will undergo
a distortion that removes the degeneracy and lowers the overall energy.”

| In Octahedral Complexes |

o In an ideal octahedral field, the five d-orbitals split into two sets: tag (lower energy)
and e (higher energy), which are degenerate within each set.

o If the electronic configuration leads to an uneven occupation of the degenerate e
orbitals (e.g., d* (high spin), d°, etc.), the complex becomes unstable.

o To remove the degeneracy, the octahedron distorts, usually by an elongation or compression
along one of the axes (commonly the z-axis).

o This distortion changes the energies of the d-orbitals, making one orbital lower in energy
and the other higher, thus stabilizing the complex.

Octahedral field After distortion (aﬁiinggffﬁs) (i?;:p rﬁfiﬁ:)
(no distortion) (tetragonal elongation) 9 9
Z
A A : z
— Yy (dzajdxz_yz) Jahn-Teller dys-y2 (higher)
D distortion g d,2 (lower) '
S (Elongation) E W R
lfl > W dxy = o
e —— t23(dxg-°dx2!dyz) — dwdyz | v
z
| Examples | .

o d* high-spin complexes: e.g., [Mn(H,0),]**
o d? complexes: e.g., [Cu(H;0),]**
o Also seen in some d” (high spin) octahedral complexes.

| Conclusion |
Jahn-Teller distortion removes the degeneracy of electronic states in non-linear complexes, leading
to a lower energy and more stable structure. It is commonly observed in octahedral complexes
having an uneven occupancy of e orbitals, resulting in a tetragonal distortion (elongation or compression)
along one axis.

th
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| To whe the vander— waal’ ex;'f'“. P —

(P+ (v bl=RT T

If:t,,sz’:hee? fwimoﬂtfreal as .

(Pv Pb+ a - ab) S
Ve ___

i.e, PV’-PV*b+aV-ab =RTV>? —— (@)

V3—V2b+a\/—-:‘{—g RT 2 )
— =

e, vovi(br &L 8y 2.0 @
) R

_A_t mf:z_cg{ temp A press.

P=F

, 1.= T8




i
.

When =~ T =T, = then V=V,

["*RT°]V =t —

(v vc) - 03 (a—b)3=a3-b3—3_ab(a—b)
0V 3vvc (V-V.) =0
VP - - avi ¢ 3Vt
Rea'r'mnqg the e?

Vi- (3Ve) V* 4+ (3\/3) V= V2 = ®
¢ _Wf’awn? “® Le®.
=¥ e e 3T ab

s SN S P, and e = 3
Now |
Ve b ko
3Vt 5
Vc"3b L -
gy =
f’mm the 'T’&!.ailﬂﬂ BVC = PC_ =
3ap)’=a =k
( -
. a
oo 2 il
As, Bl %)__+_ RP:C : . Lokl
343k = b+ RTc . 27b% [ fram @ & @]




Q.36. | The sate constant for the TN ordex d:acompw't:'an of
| /
. T N V) follow the egn. K= SC’_X_!_D" dm® mel™ sec™!,
e e"m_°/T_’ _ Detormine the activation energy. |
| §gf_, G,wm that -— 5
—-2900/¢t
Ll K = 5.0X107 dm? mel™ sec™ . @ r"‘__'_@)_
) with =
B st Avihenius eg"
I - = _ _ _ga/,e-r : — _
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37. Example 12. A first order reaction is 40% complete in 50 minutes. Calculate the value of the
rate constant. In what time will the reaction be 80% complete ?

Solution. (i) For the first order reaction

- 2.303 - a
a-x
40
=—a=04
when X 100 a a,
t = 50 minutes (Given)
2.303 a
= 1
5=50 ¢ o—6da
- 2.303 log 1
50 0.6
or k = 0.010216 min~".
(i) ¢ =1,
when x=08a
k = 0.010216 min~". (Calculated above)
s 2.303 i a
. k 5 a=x
_ 2303 i a
0010216 ° a-08a

2.303 1
st SR Iog —_——
0.010216 0.2

= 157.58 min.




Example 11. RMS velocity of hydrogen at STP is 1-85 x 10° cm sec”! and its mean free
path is 1.75 x 10~> ¢cm. Calculate the collision number.
1

Solution. RMS velocity, p = 1-85 x 10° cm sec™

Average velocity ¢ = 0-9213 x RHS Velocity
=0-9213 x 1-85 x 10° cm sec™!

Average velocity
Collision number

09213 x 1-85 % 10°
Collision number

. . 5
Collision number = Qe xia w1 =9.734 x 10’ sec L.

175 x 1073

Mean free path =

1.75 x 107 =

Example 12. At 0°C and 1 atmosphere pressure, molecular diameter of a gas is 4 x 10 cm.
Calculate the mean free path of its molecule.

Solution. Mean free path is given by the equation

|

2n6’p

39,

where ¢ is molecular diameter.

22400 ml of a gas at 0°C and 1 atm. pressure contains 6-02 x 10%* molecules.
Hence, number of molecules per c.c,

6-02 x 1073 %
l p = 400 - 2:689 x 107,
Substituting the values in the above equation
1
A = = 0-524 x 107 cm.

1-414%3-14 (4 x 107%)? x 2-689x10"?




40. Example 2. Calculate the root mean square velocity, average velocity and most
probable velocity of sulphur dioxide molecules at 427°C.

Solution. (a) Calculation of root mean square velocity

,3RT
S 4=
M

T =427°C = 427+ 273 K = 700 K
M = Mol. wt. of SO, = 32 + 32 = 64
R = 8.314 x 10" ergs/degree/mol (C.G.S. Units)

Putting the values in the above equation, we get

U \fz, x8.314x 107 x 700
64

) \/3 x 8.314x 10* x 70
3 64

x 10°=5224 x 10* cm ™!

.. 3x8314x70
' 64

= 52240 cm s~

(b) Calculation of average velocity (9 )

9 =0.9213 x u = 0.9213 x 5.2240 = 48128 cm s~




