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ABSIRACT
The thermodyramic properties—entropy and enthalpy—cf bydiazine have
been computed for the temperature range 273.16 fo 150C°K and for the pressure
range 0.00352 to 600 atm. A teroperature-eniropy diagram based on the daiais
presented.

The common thermodynamic properties of hydrazine are pot available
in lierature, In the present study volume, emmpy and enthalpy of hydrazine
{mol, wt, 32.048) have been computed for the saturzted vapour, saturated
liquid, and superheated gaseous regions.

Compressibility Daia:  Giguere and Roundle! determined the saturated
gas volume of hydrazine in the temperature range 363.16 to 404.16° & and
pressure range ¢ 35 to 1 @ atmy.  Hows and Harden? reported the constants of
the Martin-Hou equation of state.

As no other data are available for the zaseous region, the modified
Martin-Hou® equation of state was used for evaluating the PVT dals in this
region. The constants for this equation were evaluaied {rom the available
data. The calculated dota agree wilh the available data’ for saturated gaseous
region with an average deviation of 1.6 per cent.

Specific Heat of Superhesied Gas: he specific heat o‘r‘ hwvdre s at
constant pressure hag been determined by Hows and YHarden®, Scott er al,
and Kobe and Harrison®, Hows znd Harden® proposed an empirical equation
for specific heat. In the present study, the specific heat of real gaseous
hydrazine at a consiant pressure of 0.00352 — the vapour pressure at 273 16"K —
has been caleulated using the specific heat equation for ideal gas with the
Berthelot correction 2.5313 (RTZ[P.7°Y 2. The cowstants of the ideal gas
equation

Co= A+ BT+ CT* 4+ 01
were evalusted using the smoothened data®* for specific heat for ideal gaseouns
hydrazine, by the method of least sguares. Thus, the specific heat values
used in the present study follow the relationship,

Cp ot poonossy = GOSAT + 0.03537 —2.2886 » 107° 72
45,9869 % 1070 ¥ 11,826 » 10° °°
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which fits the corrected smoothensd data®?® with an average doviation of 0,62
per cent,

Vapour Pressures  Seott ef el %, Giguere and Rundle’ and Audriath and
ng reported vapour pressure in the lemperature runges 37536 1o 333 10" K,
36516 to 404.16° K and 273.16 to eritical temperatare . et L The

Internationa] Critical Tables’ give the vapour pressure data_ for the tempe-
rature rang" 188 66 fo critical temperature. Hows and Hu wdert and Audristh
and Cgg® suvgested empirical equations for vapour pressure for different
ranges of temperatures. In the present study, the smoothencd values
reporked by Audrieth and Opg® have been used and fitled to an ¢ apitical
squation

1
In P 58.7582 ~'9-£?7; 9«— 7,088 In T+ 0457 x 10737

with ar average deviation of 0.44 per cent.

Zarent Heat of Vaporization: Scoit et al' and Hughes e al® reported
latent heat of vaporization at 298. 16° K.  Audrieth and Ope® reporivd the
latent heat of vaporization for the temperature range 298 16 to 38 16" K,
in the present work the latent heat of vaporization was caloulutad from
Clapeyron equation using the vapour pressure equation feported abueve and the
accepted values of saturated vapour and liguid volumes,  The valnes thus
obtained and the available data®®® were smoothened and used.

Normal boiling point and crit‘ical constanzs 1 From the values reported by
various authors®®7 the following have been accepted for the present study ;

Normal boiling point - 186.66° K.

Critical temperature va 653.16° K.

Critical pressure - 145 atm,

Critical volume - 0.1389 litres/mole.

Specific voluime of saturated liguid and vepour phase in equilibrium :
Experimental vapour volumes have been reported by Giguere and Rundie!
(363.6 to 404.16°K). Audrieth and Ogg® (773,16 10 323.16° KJ, Ahlert cr af¥
{273.16 to 449.83° K} and Hows and Harden® (273.16 to critical temperature),
reported liquid density. In the present study the salurated vapour volumes
were calculated using modified Martin-Hou® equation of state.  The calculated
and the reported values" *¢ ? were plotted and 2 smooth curve wus drawn
The smoothencd values which follow the law of rectilinear diametcr have
been nsed in the present study.

Calculation of Thermodynamic Functions in the Hnmo”emeou: Region from
the PYT deta:  The real gaseous entropy at 298, 16° K was reported hy Seott
et 4l® The real gaseous enthalpy at 298.16° X was calculated™ from the ideal
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heat content’ and the heat of formation at 0% K4 afier applving the Bertl a;ict
correction. The values thus obtained for Pntropy and cothalpy at ” )h.‘ K
and 0.0189 atm , the vapour pressure at 298, 16° K, are 64 86 ¢al Jmole "K and
28870.98 cal./mole, respecively.

The entropy and enthalpy values at 0. 0189 alm. isohar wWere L-.ik.& inted
following the same mathematical treatment as in the cass of n~butane'’,

The modified Martin and Hou equation® is,

RT A3+B)7+Czexm( ET[TS A;JB»{Tv;-CcXp( KT/1)

Tl (v -8) (¥-
o As +§L7:i§5¢xp( KT/[7.)
{(V-b4 (V-b5

The values of the constants arc as fellows:

b =0.0397 K =5.415
A= —8 5158 By =0.126 » 1072 Caw — 0 3988 w 417
Ay = 05312 By« 0.6045 x 1674 = 4.8052

Ay = — 0.0221 B, =0.5100 % 167 Cym — L4003 % 1077

The entropy and enthalpy values for the saturated vapour and liguid,
calculated as in the case of n-octane® are given in Table 1.

Discussion: The thermodynamic properties of hydrozine « ¢ ., i for
the pressure range 0.00352 to 600 atm. and the temperaiure funye 77316 10
1500° K are given in Tables 1to 4%. The temperature-cntropy dingrom is
shown in!Fig. I As the modified Martin and Hou® cquation of state yiclds
reliable PVT data ip the superheated and saturated wapour region fer a

number of substances and as only vapour pressure data and critical »ro, ol K
are needed for the evalvation of the coeflicients of this Pqu“*(‘ﬂ, it was used *
in the present study for the caleulation of the PV 7' data. A .. ey oof

PVT data calenlated in the present study for the saturated vap(mr rcgifm with
the expermental data of other authors® shows good agreemeunt. 'The c(bﬁ%qi
parison is, however, limited to the temperature and pressure ramges covered
by these authors. A check by the usual methods shows the datas in Tables 2, 3
and 4 to be internally consistent.

-
—_— 3
*Cormplete tabular material can bg obtained from the authors



b g om e HYDRAZINE
Tasre 1

Properties of the sarorated diguid and sapoar.

Temp Vapour Volume, lt.fmole Entropy, cal./mole °K, L Fm}*al;iy, Ca o
oK pressute . ' . Vapori- L .
stm. Liguid Vapour Liquid zap!iors Yapour Liguid 231100 Vapout
273.16 0,00352 0.03126 63670 27.33 39.72 68.11 17695.3 10866.3 85616
280,60 8.00577 @.0314% 33813 27.82 33.61 66,43 17834.0 10%10.8 256448
2%0.00 0.0113 0.0316% 21053 28 533 7.00 65.53 10730 ¢
300,00 0,0211 0.051%7 11662 26,25 35.49 64.72 7

310,00 ¢

0.03227 677.9 1965 18466.8
320.00 [ 003257 411.2 3062 18675.3
330,00 % 003287 258z 31.26 18882.7 10401.6
33000 0.168 0,03319 167.5 3192 19100,4 103t
350.00 0 0.03351 1119 3252 19308 & 10244.5

360,50

203384

o
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TasLe I—{coneld.)

Properties of the saturated liquid and vapour.

Volume, fit./moie

Eatropy, cat..mole *K

Enthalpy, cal./mele

Temp. IO : .
K l)ratm. Liquid Vapour Liquid \332;1' Vapour Liquid sz’f;;,
450 00 7.679 0 0-890 472 39.31 19 66 58 97 22050 7 9043.6
470 00 9.568 003977 3.84 3994 18 91 58 83 223455 88%7 7
480.00 11.80 0.04083 3.16 40 52 1822 58.74 226251 8745.6
490.00 14.41 0.04233 262 41,14 17 51 58 63 22926.7 8579 %
500.00 17.43 0.04372 2.18 41.80 16.76 58.56 23150.6 81800
510.00 20.89 0.04526 1.84 42.37 1612 58.49 23551.2 8221.2
520 00 24.86 0.04670 1.55 43,07 15.36 58 43 23914.0 79872
530.00 29.36 0 04820 1.32 43.67 14.70 58,37 242357 7818
540 00 34.42 004994 1.13 £4.30 1402 58 32 24577.6 7570 8
550.00 40.11 0.05190 0.973 44.89 13.38 58.27 24906.3 7358.0
556.00 46.41 0.05420 0.83% 45.55 12 67 58.22 252820 70958 2
570.00 33.46 0 05640 0.726 46.19 1168 5817 25653.1 6828 &
580.60 61.22 0.05910 0622 46 88 11.24 58.12 260591 6519.2
590 00 69.77 0 06200 0.546 41.57 10.49 58.06 26475.4 6189 1
600.00 79.16 0.06560 0.473 48.31 9.68 5799 269282 58080
610.00 89.91 6.0696 0405 49 07 8 80 57.87 27414.4 5368.0
$20.00 100.6 00746 0.352 49.95 7.83 5718 27966 6 4854 6
600.00 i128 0.0812 0.29% 50.92 6.68 57.60 285600.9 4208.4
640 GO 126.0 0.0916 0249 52.09 5.24 57.33 29368 5 3353.6
650.00 140.3 0.1135 0.189 53.98 232 56.70 30621.8 1768.0

31094.3
32332
31370.7
31506 6
316406

31772.4
319012
320257
32148 4
32265.3

323772
324817
3253783
326564.5
327312

327824
31821.2
32808.3
327727
32339.8
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HYDRAZINE ”)

TanLs X
Volume (litres/mole}

Pressure ) Temp. °K.
atm, 280,0 320.¢ 360.0 430.0 440.0

480.0 5200 360.0 600.6 620.0

0,005 45945 52511 5907.6 65643 7220.8 78712 8533.6 9190 0 9846.5 10174.7

0.01 26253 79536 32819 36102 39386 42668 45050 43233 seu7s

0.05 5247 5905 6562 7219 787.5 853.2 9159 984.5 1617.4

8.10 2851 32%.0 360 8 3937 426.5 459.4 4921 508 6 s
0.5 65.4 72.0 78,6 852 93,8 93 4 W @
Lo 326 35.9 39.2 42.5 453 49,1 50.8 ﬁ
2.0 17.8 19.5 242 229 245 253
3.0 1.8 13.0 14.1 152 16.3 16.9 g
5.0 730 8.39 307 .74 10,1 =
10.0 37 4.2 4.47 481 499 -
15 309 193 7z
20 1.84 2,47 =
30 118 =
&0 1.0

64
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TasLe I {coneld}

Pressure Temp, K.
aim. 540.0 55060 660.0 680.0 700.0 800 ¢ 900.0 1000.0 1200.0 1500.0

0,005 105028  10667.0 108311 111383 114876 131386 147697 164108 156930 2461832
0.0t 52513 5333.5 5415.6 3579.7 5743 8 6564.3 7384.9 8205.4 9846 5 12308.1
0.05 1050.2 1066.6 1083.0 11159 1148.7 1312.9 1477.0 1641t 1869.3 2161 6
8.10 525.1 533.3 541§ 537.9 574.3 656.4 738 4 810.5 984.6 1230.8
©.50 104.2 106.6 108.2 1118 1143 1312 1477 164.1 196.9 246.2

1.00 52.4 332 54.1 357 1.4 $5.6 73.8 82.0 98.5 1234
2.00 262 26.6 27.6 27.8 286 328 369 430 49.2 61 &
3.00 17.4 77 i8.0 18.5 8.1 218 24.6 27.3 323 41 9
3.00 10.4 10.6 167 1t 1L4 131 14.7 64 197 246
160 5.16 5.24 5,33 550 5.66 6.51 1.34 8,18 5.84 12.3
5.0 3.40 3.46 3.52 3.64 3.75 4,32 4.88 5.44 6.55 8.21
200 2.53 2.57 2.62 2,7¢ 2.7% 3.23 368 407 4.91 6.16
30.0 1.65 1.68 171 177 1,83 2,12 2.42 278 3.27 4.1
40.0 1.21 1.25 1.26 1.31 138 .58 1.80 202 2.45 308
&0.0 0.763 §.783 0.801 0.837 0.871 103 113 1.34 1.63 206
1000 0392 0.409 0424 0.453 0.478 0.593 0.695 G791 3.975 1.24
140.0 0,183 ©.232 0.272 0.300 0402 0484 ©.557 0.694 0 888
200.0 0.154 023% 03¢ 0,383 0.485 0.026
300.0 016! 0.209 0.251 0,325 0.424
4000 0133 8.163 0,193 0.248 0.324
500.0 0121 0.142 0.163 9.206 0267
§00.0 0.115 0.131 0.147 $.180 0230

HEZOPARY [0 52134007 SNUSDUEPOULIY, L
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HYDRAZINE
Taspe I

Entropy (cal./mole °R}

Pressure .
a Temp., K°
i, 280.6 320.0 30,0 £00.0 oo

0.005  66.72 68.42 70.82 71.55 73.00 12,39
i 64 70,17 71.62 70
66,97 63.43 69 82
. 67 05 65,44
03 6238 6384 63524

1o 50,99 63,45 £385 6.k
2\, 61 05 4246 63,069
3.8 40,93 61,63 6428
5.0 £0.58 324
ion 39.11 61,85

&0 04
2w P
e {
30.0

3000

(3%
§00.6

{4,

&0

&
]

vi

&5
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Pressurs Temp, K
wim, $40.0 650.0 [y 630.0 0D £00.9 2005 10000 190,06 300
6.005 79.45 79.75 80 04 20.61 8117 83,86 §6.33 3867 788 98,38

8.01 78.08 78.31 78.66 75.23 19,80 §2.48 84.9% 87,30 G150 97 61
0.0% 74,88 15,37 75.46 76 04 76.60 79.09 31,78 24,10 8831 LERS

016 350 73.79 74.09 74.66 522 7B 80,40 82.72 £6.93 22,43 Z}
0.5¢ 76,30 70,68 70.89 71.46 F2.00 YEN 7120 7382 83,73 8523 3§
&
g

1.00 £8.92 69,22 69.51 .08 70.64 73.33 75,83 7RIS 8236 §7.86

2.9 £1.54 67.83 68.12 68,70 69.26 11,83 T4.43 1677 B 98 85.45
30 66,72 67.02 67.31 67.88 68.45 T4 7364 75.9¢ 80.17 85,67
5.0 §5.710 63 9% 85,28 66.86 6742 0,12 72,62 74 94 7815 §4.6¢

100 54,28 v4.58 o4.87 $3.45 66,03 66,72 Tz 73.85 T &

150 63.43 $3.73 6403 $4.61 65,18 67,82 T0.40 1373 1663 82.46
.0 61.82 6512 63.42 £4.00 64,58 67,30 69 81 72,45 76,37 8181
30.0 61.93 62.23 §2.53 §3.13 371 66.45 88.91 .32 75.3% 81,07
4.0 6126 61.57 61 88 62,48 63,07 65.8% 68,37 i T4 86 $0.49
60.0 023 60,57 60.89 51.51 62,01 64,93 67.4% 69,86 74,12 8,66

oupzpaplyy Jo saspandory o

1060.0 58,63 59.01 §9.37 60,06 §0.72 63.69 66,312 68,43 73.03 78.60

120.0 56,76 57.67 3870 59.51 62.77 65,49 67,24 1229 71.89
2000 5727 51.59 64.51 67.04 TFi.d7 TIh
300.0 £0.00 63,24 63,92 T0.48 6,20
4000 39.08 2,34 6510 69.75 15.54
60 58.50 61.72 64,48 6917 75.00
G000 53.08 61.27 64.03 68,72 74.5%

1z



HYDRAZINE

e
TasLE IV )
e Futhalpy {(cal./mols}
Pressure T Tomp. K° ———
st 280.0 320.8 360.0 400.8 440.0 480.6 560.0 6000 5206

0.005  28644.9 291542 206804  30378.4 308891 315282 321980

o.0¢ 201540 296992 302783  20889.0 315196 32197
£.05 2015.7 7296983 302775 308884 31529.0 321875

0.10 296971 302766 408877 315284 321870

0.50 30262.9 308815  3is23.8 321827

10 300503 308738  BSIT.0 321874 328834

i‘g 108562 315042 32766 328747

) 308423 314812 321458 228n48

5.0 314645 321438 320463

10.0 113964 320873 327984

i5.0 320773

20.0 310654

360

40.0

100 0 N
140.0 o
200.0

00,0

400.0

5000



Pressure

atm.

0.005
0.0t
0.05
0.10
0.50

1.00
2.0
3.6
5.0
10.6

15.0
0.0
40.0
400
§0.0

100.G
140,85
000
0.0
400
3600
600,86

640.6

343531
34353.0
34352.7
34352.4
34349.8

34346.1
34339.0
34332.C
34317.8
34281.6

34244.4
34206.3
34126.8
34042.5
33855.3

333520

650.0

345419
34541.9
34541.6
34541.2
34538.5

3453514
34578.3
34521.4
34507.6
344725

34436.5
34399.7
343229
342417
34062.9

660.0

34732.2
347320
34731.7
34731.4
34728.7

34725 4
34718.8
347121
34698,7
346646

34625.8

33834.3
33026.4

680.0

[
wn
s et

T2 L UD
v Uy Gn
rve et
I e
(SRR
GO =

351099
35103.6
35097.3
35084.6

33352.4

S Wy
00 WD e &3
=

God Tad e L2 ek
=3

S &5
R ARV o B Y

B
b
(=

34398.9
337126

TasLe 1V {concld)

Temp, °K

100.8

35505.2
35595.2
35504.9
35504.6
35502.2

354993
£5492.3
35487.3
334753
35444.9

35413.8
353821
33316.8
352486
351020

347835
342750
330212

800.0

37519.5
375195
37519 4
375181
37517.2

375148
37510.1
37505.4
374859
37472.0

36231.2
35448.3
35061 6
34907 ¢
34045.0

900.0

39635.5
39635.5
39635.4
39635.2
39633.6

39631.7
39627.8
39623.9
39616.1
39596.5

39576 8
39556 9
39516.5
39475.3
293.0.8

39212.1
39020.3
38710 7
381929
37828.0
376430
37562.6

16300

471838.0
41838 0
418378
418377
41836.3

418347
4183t 3
41828.2
41821.7
418033

41783.7
41772.0
417387
417048
416359

41453.3
413450
411150
40738 7
40439.0
402533
40175.0

1300.0

464591
46459.1
46459.0
46458.9
46457.9

46456.7
404354 .4
46452.0
464472
46435.3

518638

5:862.9
538615
53860.0
53857.0
53849.3

53841.6
53834.0
53818.7
58035
531732

33713
53654 4
535693

2
i
3
)
<
B
5
3
2
b
‘\J
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NOMENCLATURE

A, B, C and D =sp. heat eguation constants,
Ay, A3, Ay, By, By, Bs, Cay C3, Cs, b and X = Martin-FHou equation of state

constanis
< -
<, -

AN Yy e
[}

ideal gaseous sp. heat at constant pressure

real gaseous specific heat at constant pressure

enthalpy, cal./mole

pressure, atm. {international}

critical pressure, atm,
gas constant, 0.082054 litre, atm./mole "K.

entropy, cal./mole

K.

temp. “K {Keivin seale with ice point at 273.16°K}.

critical temp.s °K,

volumse, litres/mole
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