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pV = %mNuZ
2. SEFHEDHERENXR
-3 Yo 3
E = kT, E,n.=-RT
3. Maxwell I#EZS9H A
dN, 4 m |32 mut o1
N = ﬁ(m) exp( —_ zk—T)vdv

4. HSFEEN=ARITEHE
ROBEAR N

N | 8kT
FHEE s
CEEpE £ u=n/EL
SREEZ L Vm PUstu=111,12811.224
5. RESFRHEHIH
e dN; 2 1)3%2 E\ .,
=% ) -WE-.. ﬁ(ﬁ) exp(-ﬁ)E”dE
_ dN, 1 E
— o = e — &) dE
RN E oM THBEF TR

Ne o

E
N = e"p( - ﬁl“)
6. SEHFLEEHGHPHSH A (Boltzmann 243K)

p = Poexp( - %)

7. SFHFHEEE
1

v 2 nd’n

l= (n BRBMUERDTEO

8. ERishR
RS0 7 5 R



L

$ 2 NBELZRSSIATE

o= putndt [ RE (0 RAREBUS FHO

PR S5 T ERAR e=ndh s ] Sk
5F 5HETRAE e=—2t
2xMRT

9. BESEKREFRE
pV =nRT, pV.,=RT

10. Dalton S EERE
ps = zsps P = ZB)pB
Amagat SR FUE B
Ve = mRT/p, V= S\Vy(UERTFEASK
11. van der Waals 712 ’

(p+§; (V. — &) = RT
van der Waals ¥ S5 R EHHXER
_ _ _8a - 2
Voo =36, To= gt b= 5op
_27RT: . RT. RT. _ 8
T T61p. 7 8’ PVame 3
A HR A (w%) (38—1)=8¢
ﬂ‘.‘P $”=P/Pcvﬂ=vm/vm,c>T=T/Tco
12. EmEF
77— PV _ PV
aRT = RT

1. (1) #£0 CK101.325 kPa T, A FESHEE R 1.293 kg - m°, KR E LW RMER K
8,2 ESHET, ERSHMIENIES R 538 kPa, &5 1 K F1% 100 kPa K&K 160 dm®, AR A
B % 132 kPa, RAE AR, RSEEUUE BB AL,

B ) BESSIERSK IRERERRREI M, N

- _m - MR = L
PV = nRT = T:RT, p = uRT = 7RT
P 1.293 ko » ol =1
M= LRT = | 155257 X 83145 X 27315 | kg - mo

= 28.98 X 107 *kg *» mol™}
(2) BB ERAZV, N
MR ASH pV=mRT
HMERSE pV=nRT



P A Cr— OV = (1 —n)RT
Ll y G n)RT

Pr— P2
m—n, BRHESWYERHE, M

100 X 10°Pa X 160 X 1073 m?®
ny — n, = BT

- (n, —nz)RT: [100)( 108 X160x 1073
pPr— P2 (538—132) X 10°

2. FAMRTRAR R B B P B A BB ARE , B0, 7 mol AKJE MERNREEH IR, BR
AR B AH R, 28R 300 K, FE /129 50 kPa, S # — BB A 400 K 8B A, 5 — PR a0 B B
RIFAZE, WA HIHH AR RN Y RO R FNERE A 400 K M EERFSENES .

R R ENRRASEEN R BERT,. BARBRE, —MEBRKBENT,, 55—
BEIA T BERERNEABRBER BN £, AT RBARSEN YR BEMRR G R
A, B

\4

:I m®=39. 41 X107 ¥ m?

- 2p\V — pV PV
RT, RT, RT,

_ 2pT,y _(2><50><4oo
P =T 3T, ~ | 7300 + 400

BT=300 K B HPRINYRNERn,T,=400 K BERF RV RGER n., N
{nl+n2=0.7mol )

n

) kPa = 57. 14 kPa

ny Tz 400

n, T, 300
fRa n,=0.4 mol, n,=0.3 mol
400 K A9 %X 1 4 0. 30 mol %4%,300 K KA 4 0. 40 mol B K.
3. 7£293 K #9100 kPa B, ¥He () TAKT N1 dm® BSBRA . BB U, EAZE-RE,
I EE F1 2 28 kPa, I BER 230 K, SR IX B SR B BRERARKN Z 06,
& fBE He(@) W ER K.

E%EWW*R Vo=7l(He)RTo/Po
Ft =5 W &R Vi=n(He)RT:/p

Vi _Typo _ 230 100 _

Vo o6 To 28 7 293
FAERHEBRRERERG 2.8 15,
4. H2.0dm® BB K,EHH101. 325 kPa, B KKK S EH 12. 33 kPa, #2355 0,(g)
N, (@) B ERBR A8 4518 0. 21 0. 79, K : (1) H:0(g).0,(g) N () K& ; (2) 0,(g).
NADEBRESFIMSES .
12. 33

7o) KRESHEE VH,0)=VzH,0)=2.0 dm3><1—6i—ﬁ—5
BEHASEET VESE)=V—-VH,0)=(2.0—0. 243) dm*=1. 757 dm®
O, () N, (@) W E 43 B Bl 2 O, () F1 N, () B BE R 4345, BT A
V(O = V(8K )x(0,) = 1.757 dm® X 0. 21 = 0. 369 dm?
V(N,) = V(ES)z(N,) = 1. 757 dm® X 0.79 = 1. 388 dm?
(2) p(BE)=p—pKIK)=(101. 325—12. 33) kPa=288. 995 kPa

2.8

=0.243 dm?®



© 4.  MBARESSIMER

0:() N (DFEMBESHHASES
p(O)=p(BXK)x(0,)=288. 995 kPa X 0. 21=18. 689 kPa
p(N;)=p(EER)D2(N,)=288. 995 kPa X 0. 79="70. 306 kPa
5. 3.45 g (@ EL0 dm® WEARER PN 2B3 K MAFB K, FRES VBRI H.(@OW
WETERRFERNELF? CAH(ONEREFZHAECrn=2.5R,

@ E=nCV.m(Tz~T1)—[%xz 5% 8. 314 5X (373— 273)] J=3.56 kJ
Ry R u=r/ 2L
, «(373K) _ [3713K _
Brid @R Nzr- 17

373 K Bt Ho (@) IR F R R 273 K BT 1. 17 158
6. HHHE 293 KM373KH,H, ()M FEHER BYFERMBMARE,
% 293 K&t

Fugm o= SRE o [EXEIUIXEN o g s

T wen[3RT _ [3X8.314 5X293 1 90%X10° m . 5=

M 2.016X107°
RIAEE  va—n) KL=, [DXBIUSXDI oy 655100 m o 5

[FEE R 4§ 373 K A
2,=1.98X10° m*s™!, «=2.15X10m s, 2,=1.75X10° m+s~!
7. HESFHEXTF 0K B FEES TR SHLH,

M BESTRE-NFELES, > FHEKTE WO FESSFHTEHHLAN

E-ooo

—e 7. BB Y 298 K, MM T 10 kT 8940 T2 B4 T o BF o5 1 o4

Nioyreo _ ool 10 X 10°
N Pl 7 1738 X 10 % X 298

=0

298 K B, A BIEERF 10 kJ W4 F.

8. E—NEBP,BEFHENE—IDFHRORERHEL2.0X107" ], 5 FHEME, K5 HE
B 534 R A Maxwell 4375 . B H B : (1) SURBIBE; (2) BB 1. 98X 107 J~2. 02X 1072] Zfd]
B4 T 7E 84 F o BF 5 R4 30 Cely TFax A X 18] 69 18] BE AR /DS » B0 Maxwell 2B 220 .

B D ATEIRAISTHRBR SR, BTGB BRRAK, EHREGRE
BTGB T, SR p R0 T FAKER M Mk, I SEMA LEESERBER K.

E..— Li = SRT

2
_2Le_ 2 [6.022X10%X2.0X107*)
T—SR"'SX( 8.314 5 )K”%'s”{
dN; 2 i)“’ 12 (__Ii)
(2) ) N _—ﬁ(kT E'%exp T dE

W on=3.14,k=1.38X10"%] » K~,7=96. 57 K,E=2.0X107% J,dE=(2.02—1. 98) X107 J f{
ALEXHHE, B



g8 5 K& | 5.

dNr L
=925 X 10

9. REERFH AR, HTHELTERERBRERURKRTRBERER L 1 15 (B dva=
0. lun )14 FFE B4 F BT o A 200 3% (s F X 1 X 8] 9 o] BE AR /D » °T R34 300«
8 HEFLv—>vt+do BRSF GBS TR LA

W () e — 22
N ﬁ 2kT 28T

2kT

m

dN, 4 [ m \“SuT [ m(2kT /m) ] [2kT _ 0. 4e?
=2 | 2= exp| — x0.1 4/ 55" =22 _=0.083
N Y ( sz) m 2kT m Vo

T

BRAREE vn= »dvm=0. lv., A ERB

10. 7£293 K #1100 kPa B ,N, ()4 FHBE R E R A H0. 3 nm, R : (1) N()4FHFEHH
HE; Q) 8~ 1M FEHEHMBSFHRBERER; (3 £l om® HEBRK, 2 FHELREE.

. 1
B D) EHEHE ="
v 2 wnd?
- AT N 20 al i §
_ L _Lp_[6.022X10%X100X10°} _,_ -
"‘V,.,‘RT*( 8.314 5% 293 ) m=2. 472X 107 m

. 1
l= 1 2[ 25 —932
v 2 mad? L v 2 X3.14X2.472X10%X (0. 3X107°)

(2) =44 F5EMS FRRERE

2= 2 nd*nv.= v 2 nd’n %

] m=101. 2 nm

8x8.314 5X293 ] -

=+ 2 XI: -92 25
3.14 X (0. 3X107°)?X 2. 472X10% X 3145 28. 014X 10~°

=4.65X10°s™
(3) FIFH2F R LB R

RT
2. g2 |
z =2n’nd Yl

= |:2>< (2. 472X 10%)2%3.14X (0. 3X 10'9)2><\/

8.314 5X 293 ] &1
3.14X28.014X107°
=5.75X10%s™!
11. —FBH 0.5 m® WHMEH, A 16 kg AN 500 K i CH, (), MIHE AR AKES .
(1) AEASHRAHFE; (2) Hvan der Waals ., EHCH, (g) K% Fa=0. 228 Pa » m® » mol ?,
5=0.427X10"*m® * mol™!,M(CH,)=16.0 g » mol™',

& CH, My Ra# n=%=rl(§sg%=l 000 mol
(1) AREBSARSHTRITE

P___nI;T= 1000?(8:3;45)(500 Pa — 8.31 X 10° Pa

(2) H van der Waals Bt H




L

© 6. NEBLZHESSIAFE

_nRT _n’a_{ _1000X8.314 5X500 _ 1 0002X0.228
V—nb V°? 0.5—1 000X0.427X107* 0.5%

12 BHCO(MIERBE . MAEHMIEREREBRSHN T.=304. 3K, p.=73.8X
10° Pa,Vmc=0.095 7 dm® » mol™!, (1) &R E CO.(g)H van der Waals B ¥ a.b B{H;(2) 313 K
B, ZEZ TR0, 005 m® MAZEN-SA0.1 kg CO,(g), Aivan der Waals HFBITESEKES; ) &
5@OMERMEHT, AERSERSTBIHESANET.

Pa=8.18X10°Pa

B Da =g1_2;TT§_:( g %;S%—S—Z) Pa * m® « mol™?=0. 365 9 Pa * m® * mol™?
b=§::=( ——-——*88:i<1§35 >8<>i01%)53) m® » mol™!=0.429X10"*m® * mol™!
(2) Vo= 100 g/O(.404OZ I-n:nol'l)zz' 20X1073*m® * mol™!
ZV%_VL;Z [2. 20x8i03}34~50>.<¢13§§x 10 (@ 3'03;‘?09_3)2:‘ Pa=1.13X10" Pa
3 p=§€=(§;;g——>i;%3’}73) Pa=1.18 X 10° Pa

13 WEKERNE a3 ) HPRBT A RAR SR HFRRRR, D B

PR AR S (2) SR N van der Waals K44,
® () HESEREFENR pV =nRT
ESEAGTHEEASKEREFBEAMS B
(i/) _ R
ﬂ ?

, 1 B 1
PRk “—v(ﬁ),—v7—‘f
PR SEE R, 5EREX.

(2) van der Waals 518

= 2).12), (%), -

ap/dl V —nb RV3(V — nb)
BRI (%{)P (3p/d Dy _ n n

ST Gp/@r T T _ _nRT | an’ = RTV® — 2an(V — nb)?
V —nb) ' V3

L(i‘i) _ RV*(V — nb)

V\all,” RTV? — 2an(V — nb)?

14. NO(g)F1 CCl, (g) Ho M5 58 5 4+ 1% 177 K M 550 K, s & J1 43 51y 64. 7X10° Pa F
45.5%X10° Pa, iIATE R . (1) B—FS &) van der Waals BB BN (2 B—FKEK van
der Waals 2 %b 85 ; (3) Bb—Fh UK BO IS SR TR A (4) #E300 K M10X10°Pa WES T, B —
M EEREL TRASK.

27 R*T?

ﬁ @) a:-6—4 Pe

a =




FE—E 5 7K e 7.

2z 2
a(NO)z(gx 8.314 5° X 177

9239 A LI « b . -2 w6 . —2
61 647 X 10° )Pa m® + mol 0.141 2 Pa + m® - mol

27 8. 314 5% X 550°

a(CCly) = (— X ) Pa + m® - mol™? = 1. 939 Pa « m® « mol~2

64 45.5 X 10°
NO(g) K van der Waals H % a 8/,
RT,
(2) b= 8.
b(NO)Z( g—%}%) m® *» mol™'=0.284X107* m® + mol™?
b(CC14)=( %—Z—%) m?® » mol™'=1.26X10"* m® * mol™!

CCl,(g)#) van der Waals ¥ ¥ b B K.
(3) BN Van,.=36, 74 CCL() B IlG RARBRE K.

(4) van der Waals & ( P+‘%) Va—0b)=RT

B F NO(@ K a.b HE/NF CCL () #, B L NO (g) ) van der Waals 5 #2 & B & IE T E /N F CCl,
(g K, B It NO (o) B #3 F A S 4K, _

15. 7273 K f1100 kPa Bt ,7H 1 mol LR AR S Virial BURBF B, pV=A+Bp+Cp*, B
HI%E — Virial BB B=2X10"m® » mol ™, MK % S TEX IS BT &5 1R

f&  Virial RS FBAI G R pV =RT+Bp+Cp?, ZUHE = Virial ZE, W pV=RT+Bp, fit
B

_RT _ (8.314 5 X273
V“7+B_( 100 X 10°

16. 373 K Bf,1. 0 kgCO, () B E S H5. 07 X 10%kPa, R TR M F R iTHE R AR, (D A
BLEREHTER @ RESFETHE.

_nRT _[ (1 000/44) X 8. 314 5X 373
B Lv== _[ 5.07 X 10°X 10°

(2) 18 CO. () KGR BEMIERES R
T.=304.3K, p.=73.8X 10°Pa
P 5.07X10°

+2 X 10“5) m® < mol™! = 0.022 7 m® « mol™!

:] m®=0.013 9 m®

_T_ 3718 _
X IR BE T=g =301 31226

BIX LR Bt B 4R T L&A Z=0. 9, FF LA

_ _aRT _ (1 000/44) X 8.314 5 X 373
V== _[O'gx 5.07 X 10° X 10°

17. #273 K Bf,1 mol N () B H7. 03 X107° m® , A TRILMH T EHERESL, HELE
FIBREEN RS, () ABEBESEREFER; (2) FAvan der Waals SERBFBRX; 3) AESH
B F B (LA R 4. 05X 10* kPa),

_RT_ [ 8.314 5X273
fa m”“vm_( 7.03X10°°

(2) N,(g)RJ van der Waals H#a=0.136 8 Pa *» m® + mol™%,5b=0. 386 X107*m?® « mol™?,
RT a l: 8.314 5 X 273 0.136 8

:|m3=0.0125m3

) Pa=3.23X10" Pa

= - — -4 p
A I ) 7.03 X 107° — 0.386 X 10~* (7.03><10—5)2]Pa 4.39 X 10" Pa



+ 8 NELZRISIWFR

Q) BEFEBN@QHWIERBEMBERENNT.=126.1 K, p.=3.39X10° Pa,

T 273
XF th 8 B T=7 =156 1~ 2 165
*: 5 =r___ P
TR T b 3.39X10°
m $=3.39X10°PaX~

. PV  3.39 X 10°Pa X «V,  3.39 X 10° X 7.03 X 10~ °n

7 =451 = -

Brid RT RT 8.314 5 X 273 0. 1057

ZE5pRELXR . EEFRTEHILEZ=0.1057r B, 5r=2. 165H B KRMEXFA SRLEI-D,
A EMyn=12.5,

Nz(g)EﬁEjJ p=3. 39X 10°PaX7=3.39X10°PaXxX12.5=4.24X 10" Pa
ERHFETESETENGRSXREREE.
3.0
1.2
L 1.4 4
Y, 8
2.0 7 29
F 1
L §
L 10
15
1. O} )
Zo. 8f
0. 6
0.4 1.2
0 3— J 1.1
o i 1.0
. '
0.2 : : 0.9
- . 1
r / % Tz 0.3 0.4
(0200 | S T TR S T N STAPW B A ..,.11111111111111:...1 Lt
0.1 0. 20. 250. 30.4 0.60.81.0 2 3 4 678910 " 20 2530

x
A 1-1

18. 348 K 8t,0. 3 kgNH; () B FEE /74 1. 61X 10° kPa, RA T RFMHF BT EHAR. LK
R o o 3R RO R 5 S W (B B 48R (B A SC (B 25 28. 5 dm®) B AITTE L &R A T NHs (@) B I
REBWHT.=405.6 K, p.=1. 13X 10* kPa;van der Waals &% ¥ Ha=0.417 Pa - m® « mol~?,
5=3.71X10"°m® » mol™', (1) A van der Waals SHFREFBR; (2 AEHEFHE.

(1) ¥ van der Waals R E R

vi—(o+&)va+ T2 -2 g
¥ NH, (2) B van der Waals # ¥a=0.417 Pa + m® - mol™%,6=3.71X107°m® * mol ' RT =348 K,
p=1.61X10° kPa fRA £ 3, FIl Fl— 26 J¥ 344 (10 Matlab) BRAT SR ER =T BE BN
Va=1.684 X 107*m?® » mol™!

WA % van der Waals FBBHE R Vm:p—i—RT’I/'V,Z,,_'_b

REAESTHE. DEASEARSEFBKITEM V.=1.80X10"> m* + mol 'fEFE, KA EX
HAHFEBV.(D=1.70X10"3 m® - mol !, B HWAERALRXEAHE, XBV.(2)=1.68X
107%m® » mol™', EE MR, 2135 WERBH,V.(5)=1.684X10°m® » mol !, BHLEER, ITH



g5 5 & .g.

GREABERT,AV.=1.684X103m? » mol~!,

! _p _1.61X10°_
(2) MHEH = =X 0.142
T _ 348 _
*F bR B T=7=Zo5.5 = 86

B X B R ) R He R A IR AR R T A8 Z~0. 92, F
ZRT _ ( 0.92 X 8.314 5 X 348

) m? = 1.65 X 107°*m?

T p 1.61 X 10°
s _
S R R AR Vm(iiﬁuh(%(%(/ig—) m?=1.62X10"3 m?

PR o o P 4 B T 0 425 B 5 S0 W M0 O 483

19. 7E Bessemar (i SE3 ) #hBe o T LA B B 0 3% 94K 10 000 kg (1) HMFTA HBHTELM
Po iFEEEA 27 C.100 kPa fAS YRR, fB5E 1/5 BB MREE A RCO, (), 4/5 RyB RSS2 AL
CO(g); (2) RYPAIM HESKITIES

B D BEAERCO(g),Cs)+0,(@)—=CO: (), JFIF O (MY FHE

(10000X3%X—;—
n, =

12 X 10 ) mol = 5 000 mol

RS 1 CO () ,C(s>+—21—oz ——CO(@), i O, () W R 9 i

10 000 X 3% X %
"szx( 12 X 107°
fE A B SESRE, iF O (@MY RN E
n = n, + n, = 15 000 mol

aRT _ {15000 X 8.314 5 X 300
VO, = = ( 100 X 10°

SEFEENERSE 20 =0.21, IT/EKPER AL

VO, _ 374.15 m’
.’[(Oz) o 0.21

@) BAPFHO, BLHAR, MBKEN(2).CO@FCO, (.
15 000 mol X 0.79

) mol = 10 000 mol

) m® = 374.15 m?

V= =1.782 X 10°m®

n(N,) = 0. o1 v = 56 428. 6 mol
n(CO) = 20 000 mol
n(CQO,) = 5 000 mol
_ 56 428. 6 B
2(N2) = e o8 5 5 000 F 20 000 - 693
_ 20 000 B
2(CO) = o8 5+ 5 000 + 20 000 — - 246
2(CO,) = 5 000 = 0. 061

56 428.6 + 5 000 +:20 000
p(CO) = 2(CO)p = 0. 246 X 100 kPa = 24. 6 kPa
p(N,) = z(N,)p = 0. 693 X 100 kPa = 69. 3 kPa
p(CO,) = 2(COp = 0.061 X 100 kPa = 6.1 kPa



