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mu2
=

( )Ix I,2
L

ii2 = ii;  +iiyz+u; . . . . . . . . . . . . . . . (2.6)

LlRf  x =ii2 ii2 =u2
Y z . . . . . . . . . . . . . . . (2.7)

:. ii2 = 3i2x . . . . . . . . . . . . . . . (2.8)

douwud7aaJn7a  (2.4) ~aum.mi5 (2.8) bwh4u~aun7-iIwai  o$k-m=hd~o

PV  = f Nmu  2 . . . . . . . . . . . . . . . (2.9)
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............... (2.11)

............... (2.12)

&YluFi1  N Iumn77  (2.11) iihaunia  (2.12) ?A@Y
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PV = +n(KE)

C H 2 4 3

%&I  JF = (3kT); . . . . . . . . . . . .
m

. ..(2.22)
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:. RT = PV/n

= PV/(w/M)

= PM(V/w)

VI%  RT = PM/d

IdO  d = w/v

LbWU RT hl PM/d %WWfll5  (2.24) ?Z%&ierA~W’wa’~~

+rns =
( )

3P ;
d . . .

“rms (1) = (3RT/M,$

“rms  (2) (3 R T/M$

=I  (M/M$ . . . . . . . . . . . . (2.26)
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“rms  (1) (3P/d$
=

?ms  (2) (3P/d,)t

= (d/dj . . . . . . . . . . . ..(2.27)
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v = NkT
P . . . . . . . . . . . . . . . (2.32)

9lnKT%Jfll~  (2.32) i%

NkTv =p

nN  kT
v co

P . . . . . . . . . . . . . . . (2.33)

bLYletei1  N,k ‘hiaer  R
nRT:.v  = p
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tdZ

(P + dP)A + dF = PA

M% AdP + dF = 0

. . dp = -if . . .._........  (2.35)

4 2 CH 243



Gosam  F = wg . . . . . . . . . . . . . . . (2.36)

= dVg

t~nucii  V = A z (IhlGl’b  = &&lfil~”  x +lalaJfjJ)

. . dF = dAg(dZ  ) . . . . . . . . . . . . . . . (2.37)

tbYlUFi1  dF hWfll5  (2.35)

dP = -

P
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d = d ,MgZ/RT
cl

= d,c(PE)/RT . . . . . . . . . . . . . ..(2.42)

66LX  N = N t?“gZ’RT =0 N,,dpE)‘RT . . . . . . . . . . . . . ..(2.43)

T
Q‘,

1
Z(km)  __7)
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pi = Pioe-Mi@‘RT . . . . . . . . . . . . . . . (2.44)
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dN(u)/N m 3/2

du = 4vpg$
u2p(l/2)m"2/kT . . . . . .A2.481
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.. . (,-2)1/2 = (3kT/m)“’ . . . . . . . . . . . . . . (2.52)

L~Q  (,-2j1/2 L~Pb~‘ln~oJ*?luafaiil~~~oJ~a~~  (root-meansquare speed) v\%LLYl~

T&J  Urms  = (3RT/M)“2 . . . . .._.......  (2.53)
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U 3RT l/2.li: a = (-)rms  ’ M
: (!@‘2  : (2ay

= 1.00 : 0.92 : 0.82 . . . . . . . . . . . . . . (2.60)

Lih$lPsfWh’&l~  (l/N)  (dN(u)/du) 7% u X%iiafUh%  &$ti  (2.6) !ihWbBW

n 2 4 6 8 10 12



ii166

wJbaJa&J 582.7

aihn4 380.8

a¶Julu 272.2

miuowbwon~m% 362.5

miuouuouon~w7 454.5

FE&l4 285.6

&&.Kl 1204.0



L-Ymzil  u
rms

= (3RT/M)“2 I/2

=
[

(3)(8.3143  kg.m2/s2.K.mol)(273.15  K)/2 x 10e3  kg/mol 1
= 1.846 x lo3 m/s
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X

d

x Monatomic
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Y

y spin

4

cb-NO x
x spin

Pz spin
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n Y
Triatomic linear

y spin CO&O-C  = 0)

X

2 spin

l Erot  =
.  . . . . . . .

- Erot  =. . . . . . .

. . . . . . . . . (2.67)

. . . . . . . . . (2.68)
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E total  = j-RT + +RT + (3n-5)RT . . . . . . . . . . . . . ..(2.76)-

Etotal  = CRT + $RT + (3 x 3-5)RT(linear  melecule)

= 6; RT

LbGJ’  EtOu,  = : RT + r RT + (3 X 3 -6)RT [non-linear molecule)

= 6RT

c,  = aE
( )3”

. . . . . . . . . . . . . ...(2.78)
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c, = CR

il~%tn”lWt9JWt~~~Fl+NJ  (polyatomic gases)

. . . . . . . . . . . . . ..(2.79)

Cv =+R+ $ R + (3n -5)R (bJbR~ALfbl~J) ............... (2.80)

c,  = $ R + $ R + (3”  -6)R (bJL~f$hh~Uol~~) :.............(=t)
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00 Idi  (2.13) nl~?rUn'u¶~~ilJ~Ul3~~llUU~lJ  9
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2, = I&d(&) . . . . . . . . . . . . . ..(2.84)

Z
Z,N’ . . . . . . . . . . . . .

AA = 2=
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ZB = lru2u  *AB ABN A . . . . . . . . . . . . . . . (2.87)

ZAB = ‘ANI  A

* l

:.  z,,  = 2 -
N ~~  B”AB~  AB . . . . . . . . . . . . . . (2.88)

RlHwl%~  UAB = $(s + 'B, . . . . . . . . . . . . . . . (2.89)

= 6&4~U~Tl!31ZllQ~fl13%U  (collision diameter)

-
‘AB  = nalu64~~~~~frra~~~Q~~~6~~~  A bbRt  B

= ..(2.90)

66R:PAB  = %J?tWl  (reduce mass)
.

= mAmB/mA  + mB . . . . . . . . . . . . . . . (2.91)
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1. =v*
ZA

. . . . . . . . . . . . .

Liblueil  z, = JZTlu2;A~A  (u-paams  2 . 8 4 )

x:. &$ = &is&T . . . . . . . . . . . . .

x LA
AB = Z . . . . . . . . . . . . .

I A

..(2.93)

..(2.94)

..(2.95)

li I
AB = 71  N’BQ’AB

. . . . . . . . . . . . . . . (2.96)

.
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hGlU~4LBU2CU -
a “ B

B A  =z . . . .  .  .  .  .  .  .  .  (2.97)
B

. (2.98)

a
AB + \A . . . . . . . . . . . . . . . (2.99)

mnmmi~  ( 2 . 9 4 )  A,, = l
JhSN*A

. . PV = NkT

Id9 n = N/N,,

k  =  R/No

bbK  N  b%h.43ihbRfjR

N P .-=
V kT

L&WI  N *  = N/V

. . N; = -&

6 4

. . . . . . . . . . . . . . . (2.100)

. . . . . . . . . . . . . . . (2.101)

. . . . . . . . . . . . . . . (2.102)
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CH 243

(82.06 cm.3.atm/K.mol)(310.15K)

= 2.3665 x 1019  per cm3

65



l/2
. . u = 8RT

t )i x

l/2

(8) (8.3143 J/K.moI)(kgm2~2/J)(310.15  K)
=

[
(3.143) (32 gm/mol)  (kg/103gm)

I

= 452.894 m/s

2,  =& (3.143)(2  x 1.81 i 10-8cm)2  (4.5289 x lo4 cm/s)(2.3665  X lOI cfi312

= 7.38785 x Id8  collision/sec.cm3

;. jluauvosnl~~~~~'210400n~.b?~l~l~~  7.38785 x 10" flkhd~  .%U3

wnpi  X
AA = .&N* +

= I/&  (3.143)(2  x 1.81 x 10-8cm)2(2.3665  X lOI cm3  )

= 7.2558 x 10e6 cm
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dN(w) = dN (u,) . U./I’ . . . . . . . . . . . . . ..(2.104)

i%Gbim~umsoclC ,

dN(w) = Nf2+...$"'  j ~x~(1'2'mu:'kT&,, . . . . . . . . . . . . . ..(2.105)

. . . . . . . . . . . . . ..(2.106)

N*ET=
T

:.  N(w) = ; N*u
. . . . . . . . . . . . . ..(2.107)
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. . . . . . . . . . . . . . . (2.108)

< = 8RT l/2( J-ii-z

I (8)(8.3143  kg.m2/s2.K.mol)(300  K) 1’2
=

(3.143)(28  x 10e3 kg/mol) I

= 476.18 m/s

wfqnsdi~  N ( w )  = ,‘N*u

= f (2.445 x 10zs mm3)(476.18  m/s)

= 2.911 x ld’ me2.s-t

ct?luiluOJnl5aU~~wu~~l~~  2.911 x 102’  htfiljR/tUol~2.?ul~
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J(z)  = . . . . . . . . . . . . .

D 10u~~nlsr~wa4ooJn75rrwf  (the diffusion coefficient)

K tBu~~IJs=Hn~~uoJnl~~lcl?lua”au  (the thermal conductivity coefficient)

7 0
.
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. . . . . . . . . . . . . . . (2.116)
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:. J(z) = .,,............. (2.122)



J(z) =

. . . . . . . . . . . ..(2.129)
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J(z)  = +*,A  r s

y~raruCldi7uaululalenr’ou  ikbwn75  (2.125) 8-~~~~Mar?rBM~un75n75rrwiuojdi?roJ

(Self-diffusion) &I
*

J(z)  = -$ G”L!$! . . . . . . . . . . . . . (2.130)

LdifJLlL%JlJkWnl~  (2.112) ?%.I  (2.130) d6

D = ;,-A . . . . . . . . . . . . . . . (2.131)

LLYl  Wil u =  ( 8  kTh rn)l’*

:. D = . . . . . . . ..I  . . . . . (2.132)

CH 243

n _ = t N*X  urn

D = -$-.I
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C'll5ld (2.2) R8Jlhl5i,WilU~Q.3iilWilJ 9 i 273.15 K LL% 1 m5fmm

53J:~Rrrta&J Fl1lUl&l nmhm.hu  mlx&~whw

6llf A (ml n (kg/m) K (J/K.m.s.) c (J/K.kg) nc/K

(xl04 (x106) (x103) (x10-3)

NH3 44.1 9.76 21.5 1.67 0.76

Ar 63.5 21.0 16.2 0.314 0.41

co2 39.7 13.8 14.4 0.640 0.61

c o 58.4 16.8 23.6 0.741 0.43

C l , 28.7 12.3 7.65 0.342 0.55

C2% 34.5 9.33 17.0 1.20 0.65

He 179.8 18.6 140.5 3.11 0.41

H2 112.3 8.42 169.9 10.04 0.50

N2 60.0 16.7 24.3 0.736 0.51

02 64.7 18.09 24.6 0.649 0.50
I
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