HEEfHBERSAA XX
% % HULTR) & B HUPER) |
FREY

! !
*ﬁﬁﬁ%l’l}tmm&ﬂﬁ&ﬁ ’ E#tﬁ-ﬂﬁﬁﬁ#ﬂﬁ&iﬁﬁﬁ?

L T .
i —=f Tl P, T
7, 8T e

I EHTALTTRIE T SEH P R TRBRES ) - R TR R R
SOSH NS SRR > BV BB ARRHST o ok T ARSI
Bk ) P ARARRREALY o AREMBIRESLE -

o]

e e e S B L A

A éENERﬁJEED EQUATION FOR THE LATENT HEAT .
OF VAPORIZATION R -

P. L CHU (%) 8. 3. Gmn {&&t}
Cheliang University, Hangchow, Ching
Intfndnct;inﬁ .

'Vnrmus emplrinn] equaﬂnna ha,ve heen succass.fu]iy deuluped tu detarmme
the latent he:;.t_ of vaporization of substances, Troufton's, rule and Kistya-
kowsky's eguatien may be used to calculate the latent heat of vaporization at’
nu;:ﬁml ‘boiling peint. -W&tsﬁn‘x;'.equat'ianf may be used to calculate the latent
heat of vaporization at any temperature from one known value. Applying
either 'G-;rdﬁn s relationship,® or modified Othmer’s method,? we. may obtain the
latent hqat of vaporization nf any substmma from the knnwn value of .a: refer-
ence substance at the same reﬂuned temperature.. Applying Meisgner's equa-
tion,* we may cnlﬁulaha the latent heat of uapnrmatmn,fm the reduced bemPera--

Watson, K, L E. C, (1931) 22, 360.

Gordon, D. H., Univ. of Wis. Ph. D. Thesis, (1942).
.. Othmer, Di F., I B, C.{1942) 24, 1072

Meissner, W.,, 1. E. C. (1041) 23, 1440-1443.
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A ture and pressure and compressibility factors. Examining the works of Wat-
son, Othmer, Gordon, Meissner and others, it ie ehvieue that the latent heat of
vaporization is merely a function of reduced temperature and reduced pressure.

An ettempt ia made by the writers t6 “formulate 3 general equation by
which we can determine the latent heet of vaporization of eny eubetanee at any

temperature without a reference wvalue.

' Derivation of the equation
According to Watson’s relationship® -
11 .E:?.’_*. oss
L T\1=T,,
where A, };, is molal latent heet ef ?apemzetmn ef one euh-etanee at different
reduced temperature 7T,, T, respectively. o
Rearrange equation (1), we have

i, _ rh __x
(1=T,)08 — (1T )0 — [ roomrmmmssssmsnssss s

where K=characteristic constant for that substance.
Divide equation (2) by the critical temperature of that substance, 7., we

T T T P S N TN TR LRI lI.lllllIl LT RN LN {1}

!
e (2)

have
M K _k
Te.(I_Tﬂ)m — T_,{]._‘—_T,-’)"“ ﬂT: %
or 1‘ —K{l-_r }.'ﬁ ..-n.un-u.u.--r--.-------.;---.----f;----n-u--.-uu Y TIE Il {3}

T.
Similarly, for another substance, we have

 —K'(1— *"'-‘f-ﬁI..............;..'.........:.........‘.......................... .
. K'(1-=-7" (3a)

&

Divide (3) with (3a), and at the samhe reduced temperature, we have

A v K - :
.-_.u.:U |- WA RFRN R PN bR AR R BRI R g R B PR PR PR R
7/ == Covsant @
this is Gordon’s relationship.®
- According to modified Othmer's relationship?

5.  Watson, K., ibid,
6. Gordon, D, H., ibid.
7. Othmer, D. F., ibid.
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- 'j_ : 1' Iug F:I‘ S TR 4:“-." ern ™ ' =
Tu T - lﬂg :p? e . I‘ltt!!IITIiIIIIIIllllijpi.ti'i..g._.'.‘(n}

where p,, . o’ is the reduued Vapor pressure of two different E'uha.tances at the
game zeduced temperature, T, =T,

Equalize aquatmn (4) and (5), we have

..K_.= !ﬂg Py
K' logop,
+log p St
EK " L L T R Iy T LT T T E T e N PR T T RIS IR ]
or K log p,’ erense s (6)

Euhst:tutlng equation {E} into {3}. we have

. Jog »,
T, K log p,’

where K’ iz the c@aracteﬁsﬁc constant of reference substance,

fl Tr} uu"iu-ntut-u--uununtu--u.-uu.un".":.{T)

p,’ is the vapor pressure of reference substance.
According to van der Waal's relationship® '
PFA . 1 ) )
lﬂg p_r .—_A (1 =?;‘) R L L LI LR LE SR u.".“,".",,"".{g} .

where 4’ i i:he characteristic constant for the reference subdtancs,
Substituting equation (8) into (7), we have

‘ K I“”" — BP0

o 4 (1_ ) veebinsbene s ...... sessreenenne (9)
an I.D_E Pr= 'ﬁ({_W(]— T]' )lulﬂuru D T T T T T (10}

this equation is corresponding to Meissner's relationship®

_ - 1 ' ’
Ios i.,'l'_ = m (1 — T*‘ ) .!H L1 l.l_l LR L T N TR L IR IR IL] (I 1)
where Z,, Z 1 are compressibility factors of gas and liquid.
Simplifing the equation (9), As T,'=T, we have
' A K

-

. Tr , .
Tu = T lﬂg pf ﬂ_—.‘ﬁjﬁ e L L L L e ._7'"'(12]

8. Glasstone, 8., “Texthook of ?h;rslml Chemistry” P, 454, D. Van Nuﬁtnnd Com-
pany, Inc., New York, (1948).
9, Meissner, W,, ibid.
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For any two éuhatanceﬁ, we have K/K'=log p,/log p,' as shown_ by equation (6)
According to Van der Waal's relationship. log p,':A'(l'—-%—)- and log p, = A

1 :
' (IZET): We have log p/logy,'=A/A" 80 A/A'=K/K' or K'/A'=K/A=constant

Therefore, the ratio of K'/4’ will be the same for all substances.

The value of K'/A’ has been found to be 6.7 when the molal latent heat

of vaporization is in cal. per gm-mole, and the ecritical temperature is in degree
Kelvin, The generalized equation for latent heat of vaporization is

A ' CoP,
= —EiT ln '—__'-'"":"-'-"".l-il]l.j}l Ty R T IR F T PN T P T Y IR I
T ,. o 2 (1=T,)o% (13)
- Applicability of the equation

The following data are taken from the Izlmterua,tfonal Critieal Tables and
used to testify the validity of above equation.

. For mnﬁnienue of comparison, the value of both ealeulated from the
empirical equahtms and' taken from the literature are tabulated in the following
table. '

Watson's value is caleu}aﬁed from the eguation

- | T )/( T, ) E:-—-gﬂ.;::;

where (Ti)u is taken from the literature.
-] ] '

\

In the caleulation of modified Offmer’s and Gordon’s values, water is
taken as reference substance: )

F A X X A

For- i = _ -
Subetance muia Te K pe,atm. T,-tﬁ- p,n% ﬂf: (ngh ﬂf?l;tu [ﬂtﬁﬁﬂh {Gof-
(Cale.) atfure) son) er) don’)

Waler H:0 647 77 0421 00000276 17.98 1658 16,29
: : 04318 0.0000555 1T.82 16.40  16.68
‘0454 0.000106 1760 1625 16,52
0.469  0,000192  1T.29% 1610 163
0.485 0000335 1698 1595 1614
0499 D.00056 1670 1582 1596
0.515 - D.00090 16,40 15.65 1576
0.5300°:0,00344 .11 15.51  15.81
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Carbon
dioxide

Sulfur
dioxide

Carbon
disulfide
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COg

50:

CSs:

ELE §

£30.2

548.0

73.0

.7

7b.B-

. .54

0.561
o576
0.592

0.50% -
0.622

0.639

&653-

0670
0585
5.700
0117
0.132
0.743
0.763
0778
0.795
0.R1D
0.825
0.840
D.B5%
0.872
0.886
0.902

09T
093

0.948
0965
0.980
0.995
1.000

0.610
0,800
0.899
0.965
0.9%6

D495
0.670
0.750
0.500
0.58)
0.665

0720 |

0.00218
0,00317
00046

0.00448

o.00%0 -

00122
8.0164
0.0216
00279

" 00358

0.0454
0.0570

0.0706
0.0866 °

01052
0117
0152
iR ]1]

0213

0.250
0,290
0.328
0.390
[T
0.512
0524
0.633
0751
DB4T
0955
1.000

0.014
0191
0.470
0.i72
0975

6.013
0.105

0.013
0.035
0.051

1590
15.60
15,31
1510

1427 -

14.55

14,38

14.01
13.50
1359
1329
13.07
1278
12.51
12.21
11.89
11.63
11.66
10.90
1050
1013

9.59
9.8

L7

3.25

115
7.02
6,46
5.45
1,51
0.0

15.02
10.53
142
5.80
C226

15.72
1391
11.40

13.50
1210
11.91
1101

15.22
15.16
1502
14.84
14.62
14.44

1400 ¢

14.00

14.76

13.45
13,33
13.15
1290
12.61
12.35
12.01
.12
1140
11.05
10.65
10,24
2.79
9.32
£.80
.22
1.52

6.80°

ER

2.38
0.0
70.04
10,78
8.08
5.07
1.73

19.55
741
10.9%

12.50
107
" 11.00
10,00

1539
15.20
15.02
14,78
14.55
14.35
1410

L1389

13.64
1338
1314
12.86
1158
12,30
12.02
11.72
11.37
10.82

10,58

10.36
9.04
9,52
9.11
8.58
8.07
145
6.76
5.82

412
276

0.0

79.94
16.00

1231

820
3.59

15.61
Thi12
1195

11.36
ILTr
1110
10.15

14.8
10.43

830

5.8
1.53

15.30
13.55
11.650

12.95
12.45
T0.B5
11,50

1.4
1012
T.66
515
2.51

15.05
13.80
11.96

1230
12.50
11.54
10.90
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Benzene

Tolusne

Bromo-
benzene

Chlore-
henzena

Aniline

Methyl
N aniline

m-Cresol
Benzonitrile
Pyridine
Methane
n-Butane
iso-Butahe
n-Hexane
n-Heptane

Methyl
aleohol

Ethyl
aleohal

Propyl
aleohol

n-Butyl
alechol
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CgHy

CsHg
CeHgBr

CgHs N
CqHaN

CqeHgD
C1HsN
CeHsN
CH,
CyHup
CiHip

CpHig -

CrEyg

CHO

CaHeD

CyHgO

CyH ;0

5916

&TA

610
4490
102.0

705.0
69,0
617.0
190.5
426.0
407.0

50T.8-

339,68

514

516.1

536.7

560.0

1.6

444

44.0

52.4

51.3

45.0
41.6

T 45.R

36.0
.o
9.5
26.8

Ta.7

19.95

48.4

0430
0557
0.9258
0,771
0.277
0850

b4

0640

0,038
0650
0.663
0.6T2
0462
0620
0.569
0,640
0.6 45
0672
0685

0,532
0658
0.T65
0885
0.961

0.529
0.645
0.820

0.761

0877
0.955
0.9%5

0680
0,806
0919
0955
0593

h.oI1
07145
0.400
0700

bz

0027

o022
0.019
0.019

0.022
0.024
0.016
n.022
0.028

0,027

0.034
0037

0.0006
0013
0040
0,315
0715

0.000285
0,00729
0.01&
0.067
0.308
0.6T1
0,949

0.020 -

0.138

0.490
0.690
0.945

0.021

14.51
14.20
1402
1081
§.61
fi, 30

111

11.57

13.42
14.30
15.01

15.02
1391
1370
1190
1251
12.90
13.22
13.43

18.40
Th15
13.83
1082

.00

20.00
17.54
1663
T14.64
1105

7.40

4.04

- 1h.34

12.%4
?.13
r.o6
1.52

15.73

1490
13.92
1510
10.90
8.62
6.07

1143

131.50

14.70
12.80
14.62

15.40
12.93
13.70
11.62
1250
12.51
13.45
14.10

11.75
16,40
14,20
10.91

6.85

19.62
18,60
18.80
16.21
1213

7.68

34

&40
14.38
2.50
.06

72

18.T0

14.90
14.02
8.0
10.91
.55
.10

18.61
7640
1422
10.80
7.21

2172
19.03
18,40
16.41
12.72

.68

76

7840
15.40
11.02
586
4.13

14.20
13.90
12.85
10.89
B.65
592

1258

13.31

13.20

14.45
14,82

14,65
1192
13.40
11.70
12.41
12,82
120
13.30

1T.60
1655
1350
10.85

6.0%

19.40
1743
16.41
14.80
1L.10

1.0%

3,26

15.80
1311
879
6.54
is4

15.74

14.68
14,03
1324
11.27
&5
6.23

13.55%

13.25

10.51
12073
12.42

15.13
15.40
14.56
10.90

T.2s

17.92
18.10
iT.145
15.80
11.35

832

3.69

17,50
1490
10,71
84T
378

1785
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M 1
nhln‘;lll'l?ﬂe

Chloreform

Carbon .
tetrachloride

CH,Cl
CHCl,

cCly

Ethylehloride C:H;Cl
Egﬁ?g-auid CHN
Acetonitrila CiHgMN
Ethyl amine CyHiN
f,;‘f}.;hml CeHis N
Acetic acid CaHyOg
:;il:‘il'ﬂl-‘lionic CyH '_ﬂ’
hehsl CiH,0;
acetale.  CaHsOx
li'.l:—t;‘u};]_‘llrm.te CaHiz02
E:Eg}@te CsHyo02
ehor Call100
" Acetone CaHg(h
Ammonia  NH,

#6.1

536.0

356.1

460.2
456.5

457.7
456.2

5500

594.6

8125
48T.0
£06.T
Zhi.0
545.9

466,86

508.0

405.4

65.8
‘48.0

45.0

520

50.0

COATT

554
a1.0

51.2

530

59.15
46,3
0.0
ia.u

35.5

47.0

I11.5

0.598

0.508
0.623
0.695

0.490

0.628
0.706
0,815
0.9221
5.925

0,620

0841

0.644
0.632

0691

0,668
0.762
0.830

0.6T35
0.625

0.651

0.691

0.67T

0.584

0.657
0.755
0841~
0.926
0.9T0

0.537

0.848
0,734

0.561
MhaT2

0,015

0.00174
no21
06T

0.00115

0.022
t.o7o
6.231
0.573
0960

- 0.019

0.020

0021
0.018

0.032

0017

0088

0.199

0019

0017

0.022

0.033

0030

0.00648

0.028
0111
0.217
0585

D813

0.002
0.021
0,078

000985
0018

_—34-—-r

1280

14.50
_12.83
11.40

14,70

12.80

BETR

280
T.18

3.16 -

13.00
13.20

13.80
13.73

14,20

15.00
1311
11.B0

15.60
13.64
14.03
1404
1394

14.T0

13.22
11,50
9.75
7.88
5.18

15.60
14.02
1245

14.5b

.o+ ILTE

12.44

14.42
1312
12,26

14,13
7852

1167 -

9,82
T.06
288

11.01

12,52

13.08
14.40

13.92

B.78
2.92
&.20

11.95

13.90

14,40

1521

15.00

14.T0

15.52
11.50
9,75
T.04
474

15.43
122
12.90

14.07
1168

v

14.51
13.12
12.10

14,45

It.8E

11.72
9.83

10T

2.46

8T
852
T.48

14.14

Ta.52
11.70

- B85
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T.43

5.28

14.44
1522
12.80

11.20

14.01
12.60
11.61

13.50
12.80

12.33-

10.00
T.09
260

1190

13.52

1374
13.50

14.32

14.83 .

1115
11.95

15.558

13.34

14.01

14.20

11.81

14,35

13.10
H"u.”M

" oe87

695
4.62

15.13
1380
12.50

14.00
12.55

1143
1440
13.22
1223

1382

12.45
11.54
9.81
6.95
251

12,74

14.20

1331
11.80
114
T48
527

14.15
12.84
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0.795 079 1063 10.54 10.71 1095

Nitrous N.0 095 71,7 0786 0085 10,00 9,68 10.20
nxide
0.882  0.436 203 8.38 8.59
0290 0874 432 128 1.52
Carbon p 1340 350 0604 0.029 110 10.53 C 1,08
monoxide
Hydrogen H:8 T34 239 0.566 | 0.011 12.40 12,08 100
sulfide 3244 i 11,93 15
Hydrogen  HCI 24, 8.6 0ss0 o.0l2 1262 . 12
chloride SnCly  §917 370 0.650  0.027 1212 1335 1220

Tin chloride

Disenssion and Conelusion

Above table shows that the error of this equation is generally less than

5%, and the accuracy is not less than that givén by any previous method, This
equation also possesses several advantages: (1) It can be used to determine the
molal latent heat of vaporization of any substance at any temperature without
a reference value. (2) Without refeﬁﬂg to any chart in order to obtain S,.'
or compressibility factors, ete. (3) Watson’s, Gordon’s, Othmer's and Meia-

| sner's relationship may be included in thia simple equation. -
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ABSTRACT

¥ * i — [ N T &
A generalized cqu.atmn,-f,—— .——6.'? log p'"{i:%ﬁm derived to ealculate

| the maolal latent heat of vaporization, i, of any substance at any reduced tem-

perature, T,, and reduced presstire, p,, with an error generally less than 5%.
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