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N,(g)  + W(g) e 2NHdg) . . . . . . . . . . . . . . . . . . (11.4)

E]@?%I’&~~&~~v,~~~~  Haber process : n13&~~313hJbuLih
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F NH
L 3

N2
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K = P4’Pld
[Ala Plb

. .. ..(11.6)
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NzWg)  = 2NOAg) . . . . . . . . . . . . (11.7)

(1a.G) @il;cillRL~aJ)

K W&l2-
tN2041

. . . . . . . . . . ..(11.8)

[NO*]  = 0.0172 M

LN2041  = 0.00140 M

K, = y& = to.0172Y  = o.211
(0.00140)
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03 2NO(g)  + ‘J,(g) F=== PNOCI(g)

K = WCIl*
WI*  [Cl,  1

00 2NOCl(g)  e 2Wg)  + Wg)

K = W’l*Wl
[NOCl]*
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(fi) Hz(g)  + b(s) d 2Hl(g)

CO(g)  + Cl,(g)  # COCI2(9)

K, = tcoc~21

[wt~~21
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44 0

aiim NzW + 3Hz(g)  F==+ 2NWg)

K, = [WI*
W~lW213

= (0.00272)*
(0.0402)(0.1207)3

= 0.105
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D-M = 5.oox1o-3 =  1 . 0 0  X  1O-3 M
5.00

Hz(g) f h(g) -E-- 2Wg)
LwlU 1.00x103M ~.OOXIO-~M O.M.

i

LIkJUMlk7J
- -.-.

twqa 1.87~1O‘~M
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1,87x1o-3 0.935 x IO3 M

[I*]  = (~.OOXIO-~M)  - (0.935x109M) = 1.065x10-3M

Hz(g) + l,(g)  e 2HI

t%Giu 2.00x109M 2.00x109M O.M.

t¶hI.U¶hJ -0.935x10-3M -0.935x103M +l  .87x103M

k%J?64 0.065x109M 1 .065x109M 1 .87x103M

K, = [HII*
W2IU21

= (1.87 xIO-~)*

(0.065x10-')(1.065x 10-3)

= 51
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K, = WIDld
[Al”[Blb

Pi .P;
K, = -

P;; PB”
. . . . . . . . . . . . . . . . . . (11.9)

wxwnwJaJLL6~  : PV = nRT  y\% P= +
0

R T

n
v

= w?w~%u’Pd~it~~akW~F~~  %‘I% = MRT

PA  = PI  R-f
Ps  = PI  RT
PC = [Cl  RT
PI,  = PI R-r

K, = [C]c(RT)C[D]d(RT)d
[A]a(RT)a[B]b(RT)b

K, = [ClcDld  cRTl[(C+d)-(a+b)]
IAla Mb
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KP = K, (RT) ‘” . . . . . . . . . . . . . . . . . . . . . . (11.10)

&An  = (c+d) - (a+b)

K, = k

K,  = K, WI*”

K,  = K,  (RT)”  [An = 2 - 2 = 01

. . K,  = K,

Wg)  + W(g)  + 2NHdg)

d 472’C da K,  = 0.105

PLI 07fmi K,  = K, WA”

A n = [(2)  - (1+3)1

= - 2

R = 0.0821 L-ah/K-mol

T = 273+472  = 745 K

K,  = %I,

pN,  p;,
= K,(RT)h

CM 111 369

= (0.105) (0.0821x745j2



K = DOW%  1
@CO3 1

Density g/cm3 mol---=-
4 - g/m01  cm3

K =
(constantl)[C02]

cons tan ti

da constant 1 Go ~alUtu’uu’prua4  CaO  ua: constant 2 Go n~laJ~C.JuibvaJ  CaCO, uiu

K’ = K constmt2  = [CO2
cons tan t 1

I ( 1 1 . 1 3 )
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0-0 coz(g)  + H,(g) - CO(g)  + H2W

(V SnO2W + 2CO(g) e SW + 2CO2W

PP 0am7

CO,(g)  + H,(g)  .h CO(g)  + H2W
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K = vw
P321[H21

SnO,(s)  + 2CO(g) e SW + 2CWg)

[CO,  I2K = -
WI2

(idaJmn Sn02  CtI’:  Sn tiluuaJtt~Jfb=fnifj  fmutiiuiiM2laJ  SnOz  Ltn’. Sn iJ1a.i
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Q>K .

Q=K mya

QcK +

4-0
1Wll +ma~~~a~yBubpTuFipI  An

[HI] = 2.0x10-*  -h/2  h5  = I.OXIO-~  M

[Hz]  = 1 .Oxd  h/2  %15 = 5.0~10~~  M

[I21  = 3.0x10-*  ha/2  b15  = 1.5x10-*  M

reaction quotient go

Q= [HII
W2lU21 =

(l.ox1o-2)2

(5.0x  lo-3)(1.5  x 10-I)
= 1.3
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KP

ttnord1: 1.45x1o-5

-3nnunl39m.hda~lfil  x

X2

X

PNH3

= GHH,
P Nl Pi>

x2=
(0.432)(0.928)3

= (1.45~10-~)  (0.432)(0.928)

= d5.01  x 10-6

= 2.24 x IO3 atm

= 2.24~10‘~  atm
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K,  = (2.24 x  10-3)2

(0.432)(0.928)3

t&J& 1 .OOOM 2.000M O.M.

tll~uuttLlaa -x  M -x M +2x M

nuya (1 .OOO-x)M (2.000-x)M 2x M
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K,  = [HII2
W,I[I,l

4x2  = 50.5 (x2-3.000x  + 2.000)

46.5x2-  151.5 x + 101.0 = 0

x =
-(-151.5)~&151.5)2  -4(46.5)(101.0)

2(46.4)

[Hz]  = 1.0 -x = 0.065 M

[I21  = 2.0 - x = 1.065 M

K, = [HII2
[f~,lP,l
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= (1.870)’
(0.065)(1.065)  .d

Hz(g) + W(g)  e 2NH,(g)

&m; O.M. O.M. 0.250M

dih.utda~ +xM +3xM -2x

aaqa xM 3xM (0.250-2x)M

wm (3~)~  rilu  33(x3)  rratgnmtJAaJuiJuaJaun75r~u  33  = 27 16 :

(0.250 - 2x)2

X4
= (27)(0.105)  = 2.835

KlU7XWhJn-l~~~“El  take 3-&liWJY?JJnEIJuiJ
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1.684x2  + 2x - 0.250 = 0

[H2]  = 3x = 0.342 M

[NH,] = 0.250-2x  = 0.022 M

ylmf$

400

450

500

600

200

38.7

27.4

18.9

8.8

n~lun”u~-~u  (atm)

300 400

47.8 54.9

35.9 42.9

26.0 32.2

12.9 16.9

500

60.6

i 48.8

37.8

20.8
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*,  _.. _.:-.  .I.”

JlJii 11.5

t

1
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1.

2.

3.

4.

5.

WMlFil  K, YaJd@%JltiarrJZ

03 2SWg)  + Wg) e 2SO3k3)

0) Hz(g)  + ‘A(g) e 2HCM)

(m)  2HzW)  + 30&) e 2W(g)  + 2SWg)

0) H&)  + FeW) td  H20(g)  + Fe(s)

0) NHPQ(s) - b(g)  + 2M’(g)

n-m+wxwh.3~auqa

2NWW .d 2NOAg)  + CM)

&a~~ana~a~rhfhmmm  [N02CI]  = O.O0106M,

[NO,] = 0.0108M  WE  [Cl,] = 0.00538M  Wdlua~~1~J~~aJqn.  K,

C(s)  + W(g) ,d CO(g)  + Hz(g)

uoJummoJuk&u Fkmii water gas aJ~ilu~Bn~rraJn7Jqn~~n~~~~~~~  r!mui

@~qad  800’ C rtikii  [H2] =  ~.OXIO-~M [CO] = ~.OXIO-~M LtRt  [H,O]  = I.OXIO-~M  i)J

h.&attk  K,  LtI::  K,  f+yijd (@ml &=O.l6,K,  =14)

6?m-ry1a~w~a~m~  NO 0.100 b.m  H2 0.050 -b.mtLa:. H20 0.100 bJa  dunlauc~

i .ooL  suqGim~uun”Jaun7s

2Wg)  + W(g) -;--1  N2(g) +  2H20(g)  :  ‘?&?a  [NO]=O.O62M

( n )  a&iuam~aia&&Ju”or  fu auyim! HP,  N2 alar  H,O

(U) MhuaXU  K,

(@EIY (n) [Hz]  =  O.O12M, [NJ  = O.O19M, [H,O]  = 0.138M (u) K, =  6.5~10’)
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