1-O©



a——

o

S Qe !
) (‘(\o%\'\:&& Qm\o\mm Niao ?th SA' S

P

A

e Fex A can te mduad door
S\Pb-: E;\ \/\.o;'\' 0?_9_4,\5 }OOT‘ \

’_D%sm;&w\ s —?(_E_) 38 -V SN ‘?m\ao&;&é\\ o&\ Q%«k&_
PENED ~eams RSy Bwa

611.% gﬁ occ—ol‘&) £_ S rSy

—

4—*”?“ Cev\&S\-o“v\)f o_-\f\obs—c.b o~ 0% é deors

\N.yo.ox coM W dooc A
\-A;(,s'\' o?ahs o. éco(‘) c.m \'\'Q Q - E

&NON) C—o%‘\-m“% wbdc\ L\L—Q__ chose

7 crew o s
e P\D(Ax\%ﬁn LN conis |
\9*)’“‘3 c\aner Ac—or) 6\\@”\ o o oe_u-a.s door g

: . . 3 e Xrmown -
C Ddeddom s Pods mﬁw&b\: ” cour ;s\.

TR AN )= A
T (B AN2) T O
P (R AT L

. " °~&~5
caodd Wao cDedde —\) L_B 3\ A.‘\ \0: %’?Cﬁg\h\zﬁ:\ )’?('BS\AD@

? - T:k Stedani. PIRI\VAVDT Y2

TUAD =P = PRAF L



Py = O &~
PR, 2 PR AD PR \
o P& = Z-Vg+o—‘/g+\-$§ = =

?(1553 = Vo

@3% Yo vve N Sup e

ey
P NI TR )
6443-‘”[ 2 — ‘/ ‘\/3 _ ._L__
& 2
7 =
3 2
oV ’FCA\\\%3\ —= ?(_"%S\AJ‘P(AD _ \g\
CTRCESD —
No R W w\&\\&\n-ossvw D ool . %’
“v.
Trh X NG v otna 18 (72 )
your % _ & . \/3 _ %
S —
e P(Aa\® ) ?@i\m\wa\
S (B3

ety ) ¢ Ml - e
R V% 72






T V> \\\
Plee
Loy e\ = €
()w\w \L‘\\\ Ae—-\-\—A—“
- AN
NED ~-A-E
g vl Zhe ¥ i
. = (.50
6?‘*’ \(\\\\*3 5.0
. L= 0507, 62 097 -1
€=00 ' A
A — O.?? ?770
—2 == ol
_ &= O
- SO
> C WA= 7
Dpoe 79.7 7

-\
SUMENTIES e

% Coam so\we_gc\),@‘\:' *—f_
B

J




22
~

mﬂszCmmxgwwmg@gLawuéauh;&A%yém_m

o ""'—"‘“'_C—Z\ W S
N B S -.i 2 . .
6D WIS S ‘z e =T ? -
SNJ&-L&Q\ &A.L. 2 s S B alehity SERLE X=e _f)’h —
- | s/o\*.ig;_; Z. = Z (s pxNs ) )
o u,,ms LN &) we rewdte ah
) . ""f" B )m— -~
/\.)G Z "—1 _;_ oy = L—
_ N=o E1u$)ﬁ o
I —i\t\:%:s I R
= %{ i ‘%‘1 i = _;_;_,._..rlﬁesg_u\
e e L
- - E— D -

<<

—

= e oy
- N=o N

“--m__.____,____________ﬂl _; B ey
- C QED

— 2000







>

N- ka&_m_—&x_

C.;M.\.\u.)M e \Jm...mu._. ,.S) (?L\SSM

S

Bt&f\m m,%_m_\\\ . Q’\i \3) S

RUAPSWYRN «:rsk-\ l CVOQ s "eaon

,"""'_"___—-__'1- \\ o
(N-RO= =




- | 3-|
Setwdvon oy Loke Barbano

3,
GAT 619 Continsed . "
Lelatiom heloveen Thse gy omel ® . o
Mwm z::,f,,,’}.f:‘m_ zf’m%m & févzﬁit(l_t e—gfem))de = 2/5 .63’,&'1(/1: 5'5&»«))/.‘
rem - el 2 cebeot gae. 2 @

—[213. % (-g)eF sl
e f + e-ﬂfﬁ‘d’{}

m Lo m% M‘?/ww. A?
od

E= f éﬁlé)?(ﬁ/}(é Catuwate Y3 c”‘%(zie"’("“’)-‘a/?‘ao
what, gon - AlaBuites porticly, os (Y L (1 +0) = tunclforset
Che rmtrtn quwf,,_m'%
cnltrme € rele u guven by Lo Klbopetali foke, o
= Vv ¥ Ve % s ) —?(lpf/.a)
3(6) de h; - Ak (zm)” e*de Lom G5 (1£FCY) o P’g..__-——é;(ze '
t,!n- # edom eIt 4, e-‘““'j‘s
Iz
= BE et o
Tt mean numdrer %M&ém'o\ IO ‘eggf_e-m -
g le pnicvstole ko goven 3 ¥ o .
- B e ) u ¢ #WM / l (€ -a0) z
— oA NE - - g
mo= (L) N N YU 1.
&' o hen)
L > =g _ o
v ’ oo (o)
* E=n, V(2w f e gle
L °(ﬁ5wwj“") de €0,

%”WW~? Q « W‘ 5!2/ Lom %y " (137 = (0 )on (12e#):0
the Londoc. M!’ w% &.9 =k
. s T Lo & vv fﬂm?,oa—a.om.; Lok, , 4o

=2y = FUT 2 g (12 P57) e i 4 f%’;
[ AT e =% p e e

g egu-w)i ] ‘

Boike & e -ty 2unall, adgaront

LN LGy Aerrchs are iy L pie Zfé?agwfﬁ » " N |
omel Che arvroralion cam be paantli a=F\dTn N _ ) s j e dé
e Bt g Lofuce Tha wm‘&wi l{?}zﬂg 3 (eﬂé‘a}z D

amend st hp malliglicsd Che
v (Zm)wz ﬁ-dt]

Ao, lnlrs 20€) i 0 aine. ¥ L= -7 [j;n |
o Y Ev}’-f "? v L4 3’3{/ Agairs | 3 | 547}%{‘ ; egl{w{ﬂ
»° Bemee E= ng Vo ()T | ¢ de
0= FUT fgamlis e de T s(ml.
quhw,ummﬁ%cw o ﬁ(«?(é), =~ E
Q=7 kTLUZ(zm\”* foe"w(z £ P Nde  dma =PV,
ey
e Pv=-2E 4

Tt U= Dn(1z ) and dve e de,
46 fudv=ov- fvdu ¢



Qe Gurdienduen X0 32
Gn,\a S e
WTS %E’.IQE.LL_ é::!!: N A 15!4\— = O
€=o
0 = s = o B e R 3y
HV\Q % = ‘Q““*..\ - pLer \ \l:'z'/gé-
%5 v, ok (— > O - 3'/?_
N Qmaﬂm_-_;_MM“@ cr -\ /z & wihn. €O
. D ( B
OV s (RN \ ) = O
‘\Nmu (%5 & —» c°o o N ek AE = ""‘\ g\:(\moa«(. N
|' S e
S = 3 By e e
DN Y Eh)lte)ke 2,
= 1 - g sz
3/

3
. & n &
leks L P—-h Q&LUN_.@_L] \iﬁy“d@%ﬂ
Chon Sl VLS = 25 =
- 2/
Vv <« P8 ("' .&o&)‘ )
= Exe 3/
b\’bv\uz_ XV (l kil =< —S(@.nn SC\ = C)




3-73

0 A 3 \‘&a_ o \54’
5 o
A ST —
. o UL'H'\'-’ '3,__ \ w )
ALa-TF N L = bk 4 B
FEFES— - > 7 s S - /A7
R Y e vy Wave Mw\-&\ﬂq = hT/ o /k\: J t‘)‘
_ _.H___m__th__sf_\:_)_k\g_E_-J..k_t&\s,_:M_\'}_é_\E* L S VNN T —
N 20> zu*— > ) )
‘ is voluwee of - space - —
i ) s\f&l % N '
l 5w ‘e D) ‘5 vwo e o+ .
\N j_._u:_\e.a\r G\:)( & (ON! e S D dean
e e G L :
- a(e>3€ = AL S\ o
! @ “‘b'\'w__t&_&\lh&“ = i—s&h s ”‘)\'\S CY""L
- ‘_&Qx;,v_n;—&__\mmb_e_-_g_,}g-
CA.  weopive gadila t £=XE -\ (Gme/R
2"
- ":\‘»a*av\‘- e = Xnc\e e = e/uc_ -
O aled=  ale) 2=
) 3 W
: O B ) \1 2eX*
2 2w
/ N 2, \
— (] b /z-.__._._ S . S
R QCG D) —_ ,.}/ ( 2 ™ ) é /
|_\‘ 324\3
- \_}Q‘o ?H!.-‘. \*‘{: s [V T AR < ‘\"\\]’_&M{}\) .S-‘.'n..,_)w e
e e ea . Swe g (6> \MA\V\( -




4: Chemical reactions: production of Am_monia

- The commercial production of ammonia from nitrogen and hydrogen is an
~  example of a reaction that occurs the gaseous state: e
S - N, +3H, <> 2N Hj T
S a) Write down the equilibrium constant, K, in terms of the partial pressures -

of the nitrogen, hydrogen, and ammonia. (You may take p® =1 atm.)
e — b) Using the data tables at the back of Schroder (on our website under “Re- T —
sources” link) please confirm that at T = 298K, K = 5.9 X 109 .

¢) Please draw a quantitatively accurate plot of logK vs. 1/T. From this
" plot or in some other way, find K when T' = 773K. (This is 500°C which is e ——it
e —  apparently a good temperature at which to run this reaction, using a catalyst to e
- speed it up.)
d) Will you drive the equilibrium toward more ammonia, or more nitrogen =
—— and hydrogen, if you increase T et
- e) Same question, if you increase the pressure? o
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Absorption onto a surface
Suppose a surface has M distinguishable sites, each of which can absorb at

~ most one indistinguishable gas molecule. Say that an absorbed gas molecule

has an energy of —e compared with an unabsorbed molecule. The molecules
have chemical potential u both in the gas phase and on the surface. (This
is what it means for the gas phase to be in equilibrium with the absorbed
phase.)

a) Show that %(T, V, u) = (1 + efH#)M

b) Find the equilibrium fraction, f, of sites that have absorbed molecules.
In other words, if N, molecules are absorbed, then f = N,/M.

¢) By equating p with the chemical potential of an ideal gas at pressure P
and temperature T', show that

f P

" P+ P(T)

and find an expression for P,(T'). Hint: P, will also depend on €, the mass of
the gas particles, and constants of nature.

Absorption Onto a Surface

Suppose a surface has M distinguishable sites, each of which can absorb at most one indistinguishable

gas molecule. Say that an absorbed gas molecule has an energy of —e compared with an unabsorbed

molecule. The molecules have chemical potential p both in the gas phase and on the surface. (This

is what it means for the gas phase to be in equilibrium with the absorbed phase.)

Ca)  Show that Z(T,V, u) = (1 + efle+m)M

Well, while the gas molecules are indistinguishable, the surface is distinguishable, so we can use

B & B 21.25,
Zn = (Z)N

Since there are two states, 0 and —e, the probability for one would be

2 =Y e P(Bs—uNy)
S

=14 Blem 2y

=1+ eﬁ(E‘HL)

w U
Zng = (1 + Bletmym TWe Tt
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Problem 6.21. The chemical potential.

Estimate the chemical potential of one mole of an ideal monatomic classical gas at standard tempera-
ture and pressure and show that p < 0.

Solution. We use (6.115) with N/V = P/kT and P ~ 1x10° N/m? and T' ~ 273 K. Thus, kT = (1.38x
1072 J/K) 273K = 3.77 x 107! J. We consider an argon atom, which has a mass of (39.95)(1.66 x
107%") ~ 6.63 x 10~ kg. Thus, in SI units

[N s27h*By\3/2
p =kl [V ( m ) ] (56.65a)
~ _a1,_ [ (1.013 x 10°) 2(3.14)(1.05 x 10~%)?  \3/2
= 3.77 x 10 ] In [(377 x 10-21) ((3_77 x 10-21)(6.63 x 10_“}) ] (S6.65b)
= SO0, (S6.65¢)

which is ~ —60/3.77 ~ —16kT. Thus, compared to k¥T', u is large in magnitude and negative.

Show that N can be expressed as [see (6.114)]
N= % P, (6.116)
and hence 1
T, V)= —kTln — _
T, V)= —k YL (6.117)
where p = N/V.
Solution. Equation (6.114) is
\ N(T,V,u) = V( e )3/2eﬂ“ (6.114)
B =Y \2nh28 ' '
From (6.2) we have \
1/2
r= (ZEEY, (62)
m
Thus, .
N(T,V,u) = VA2 = ¥ e, (S6.66)

In Section 6.1 we argued that the semiclassical limit A < p~/® [see (6.1)] implies that fix < 1; that
is, the mean number of particles in any single particle energy state is very small. Use the expression
(6.117) for p and (6.87) for Ay to show that the condition mx <1 implies that A < p~ /3.

Solution. Equation (6.87) is
i = e Pl (S6.67)

If i < 1, then Bp < O, which implies that In(1/pA%) 3> 0. Hence, pA? <« 1, A « p7!, and

A p V3
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- Problem 6.22. Show that E = (3/2)NkT and PV = NkT from the results of this section. e
S e i Solution. From (6.121) and (6.122) we have e
= kT =
P=13é, (6.121)
and ————
N = 8_9 — Z Bu
N= (6“ )V'T = 5° 6122)
The ratio of these two equations yields _ R
P kT
———— e, No Vv (86.68)
ooz . or PV =NkT as expected. Because E = (3/2)PV, we have E = (3/2)NkT.
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