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ABSTRACT
Based on the use of Molecular weight alone a method of correlating A H}’
is proposed wiich predicts the data with as average difference of 0.34 XK.
cais g male,

The knowledge of heal of resction is essential in reaction engineering
cajeulations,  This heat of resction cun be colculated using standard heat of
formanon { A HY), hext of combustion znd heats of other reactions which
ipvoive the same compeounds,  DMore often the heat of combusucn data are
feeguently available when compared to the heat of formation data.  Although
it is passible to cal-ulate heat of formaiion from heat of combustion
indireatly, many metheds are available to correlaie heat of formation,

Reid gad Sherwood’ comsider five wethods to calculate the standard
teat of furmation  These meshods are due to Souders-Mathews-Hurd {SMH),
Franklin, Andersen-Bover-Watson, Verme-Doraissamy and Hardrick. Al
¥ nd encrgies or additive slomic groups or indirect heat of
Exensive tabulatinn of these energies or groups are
sddition o the dJifficulties involved in calculation of A HY at
For hydrocarbons and related compounds SMH
average CitTerence (A Bl - A HY pp) of

1 destrabie 10 Lave = method of corelating A HE by using fewer
ard of the fimne g the high stapdard of accuracy of
nt proposed methed o celenlate A HY achicves
11 as the oply input datwm, with an average

5 work is gxactly similar to the one we have uged
best of waperization st iis boiling point’, the
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thermal conductivity of organic liquids’, liquid viscosity®, liquid heat capacity®,
tiquid surface tension®, normal boiling point’, liquid kinematic viscosity” and
(e free energy of formation®

Detailed experimental data of A H? for hydrocarbons and related
comnounds are available for temperature range of 0—1500°K in API
Project 44°. By considering six homologs containing 109 compounds and
1635 temperature points we have found that A HY varied linearly with
molecular weight when plotted in ordinary co-ordinates for one iemperature.
The seme pattern of linear relationship was observed for alt the temperatures
between C — 1500 °K.  These slopes and intercepts when plotted agatnst
remperature gave 3 straight lines for each homolog indicating 3 temperature
bands botween 300 — 1500 °K.  Because of lack of data between 0 and 298 or
100K, no relationship is possible for this band, but an equation was obtained
for 9°K, alone. The other temperature bands are: (i} 300 to 500°K,
{ii) 500 -1000°K and (i) 1000 to 1500°K. Substituting these slopes and
intercepts 1n the earlier equations between M and A H%, a set of 18 equations
has been extracted for the six homologs for these three bands. Another
6 more cquations have also been added for 0°K because these data may
he required to calculate the heat content or the thermodynamic function
{AH} ~ A H}). Al these 24 equations are shown in Table 1.

These equations have been tested for one representative temperature for
each band, namezly at 0°K, 400 “K  800°K and 1200 °K and for each hemolog
and these values are shown in Table 2 for normal paraffins, Table 3 for
monoolefins, Table 4 for alkyl benzenes, Table 5 for cyciopentanss, Table 6
f.r cpclohexanes and Table 7 for normai acetylenes.

Tables 2 to 7 show that the accuracy of these equations in predicting
A H} at different temperatures is very good. The first member, as a rule
deviates for this types of correlation for all the properties and hence these
are excluded from average. The over-all average difference for all the points
wsted is 0.34 keals /g.mole.

Nomenclature
A HY = Standard heat of formation at different temperatures,
keals./g:mole,
A Hf. =Standard heat of formation at 0°K, keals./g.mole.
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4 T, & Das, 3L Teramiv anD M. R KuvurLoor

Tas
fHizai of formation (~H %) of norma
e s e 3 e e
Mot oK ; i 400°K
wParafiing Wt Calk. Dilk. P‘i:)' Cale.
Methane i3 ~ 1588 ~13.07 292 — 1863 —16.26

Ginane B0 —1652 —1670  —0.18  —21.42 2148
Propent 10 ~1%.4% —2033  ~085  -2636  —267]

ne-Putine I8 —-1367 1398 - 031 —32.00 —31.98

PR ne R - 2723 2760 - 0.37 — 37.18 — 3721
n-Heptans 96.2 ~ 35351 —31.25 —0.34 —42.46 —42.47
a-Yexsne 100.2 ~ 3435 34388 —~033 -~ 47.7i — 4770
n-(otane 114.2 - 3826 —38.51 - 0.31 - 5296 ~ 52,93
m-Nonans 1783 - 4184 —42.16 -032 —58.22 - 5820
n-Diecine 142.3 — 43549 —4578 -0z 6347 ~ 6343
nel.ndecane 1i6.3 - 43,13~ 49.41 - 028 - 68.72 — (8,06

neDiodecune 1703 ~58231  —33.04 -0.27 — 73.97 — 73.8%

weTridenane 44 ~ 3641 — 3649 - 0.27 - 79.22 - 78.15

r-Tetradicane 198.4 ~ 60l - o031 —025  _ 84.48 — 8438
n-Pratudecane i34 - &371 - $3.94 ~0.23 -~ 8973 — 89.61

s-Headecane 6.4 8735 - 6757 - 0.22 —94.98 - 04 84

reffeptudecane 2404 - 0,598 - 7119 ~0.20 ~ 10023 — 10007
et Bela sy e —~ M 64 —74.84 ~0.20 — 10348 - 10534
- munEdecsne 655 -~ TE I8 - 7847 - 018 — 11074~ 11036

[ 33 AR A RAMS] - Bi83 0 -~ BLAG ~0.17 —1159% 11179

Av. 09
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P
wE £

saraffins at ditferent temperatures

Diff rﬁz; K Dif. %EJI WK p
237 —2082  —19.0 076  —21.79  _19.39 240
_006  —2453  —2497 044 2564  —2535 0.29
035 =301 -3080 077 - 3116  —3131 - 015
p.02  —3642  —36.85 043  —37.46  —37.32 0.14
003 4220 —42.76 —047  —4335  —43.28 0.07
~001  —d4828  —4872 —0.44  —49.35  _49.28 0.07
0.0l —5423  —58.64 —041  —5532 5525 0.07
0.03  —60.48  —60.56 —038  ~6129  —61.21 0.08
002 6612  —6652 —040  ~67.25  —61.22 0.03
08¢ —7207  —7244 —03¢  ~7322  ~T3I8 0.04
006  —7802  ~7835 —033 7919  —78.14 0.05
008 8387  —8425 028  —8516 8510 0.06
607 —89.92  —90.22 030  ~SL13  —9Lil 0.02
G160 —9586  ~96.6 —030  —97.06  ~97.07 0.02
012 ~10L8!  —102.05 —024 —18306  —103.03 .03
014 10776 —107.89  —0.23  —109.03  —109.00 0.03
D16 11371 — 11375  —0.08 —11506 - 114.96 0.04
014 11966 —119.89 —023 —12097 —120.96 0.01
BIR 12560 —125.690 009 —12693  —12693 0.00
8 ~13155 —131.69  —0Q.l4  — 13290  —132.89 0.0t
Av. 09 Av. 0.33 Av. D.06
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TapLE
Heat of formation (2 H %) of

Ethylene 28.1 14,52 12.51 —2.01 1177 5.06
Propylene 4.3 8.47 8.82 0.35 3.76 3.87
1-Buteny 55.1 4.96 5.14 0.18 —1.49 —-1.32
i-Pentene 70.2 113 1.43 0.30 - 6.77 — 6.54
{-Hexene 84.2 —2.54 225 0.25 -12.06 —11.73
1-Heptene 28.2 - .18 —-593 0.25 —-1731 —-1699
1-Octene 112.2 ~9.83 -~ 9.61 0.22 —-2256 —22.10
i-Nonens 1282 —13.47 ~1329 0.18 —-2782 —2728
1-Decene 140 3 - 1712 ~1700 0.12 - 33.07 - 32.51
{-Urndecene 154.3 - 1076 - 20.68 0.08 —38.32 37.69
1-Dodecene 168.3 —-2440 - 2437 003 - 4357 -~ 42.88
1-Tridecene §823 - 2205 2805 0.00 —48.82 4807
1-Tetradecene 196 4 ~ 348 -3176 - 0.07 — 5408 5329
1-Pentadecens 2104 -~ 3534 3544 -~ 0.10 - 3933 -~35847
1-Hexadeons 224.4 - 3898 3912 -0.14 —64.56 - 63.66

1 Heptadecene 238.4 — 42,62 —4280 —{.18 — 6983 €883

1-Oetadecene 2505 - 46,27 46,51 — 024 ~75.08 ~ 74.C8
2. Noradectne 264 ~4%91 - 5019 — {028 ~8034 7926
t-Eicosane 805 ~ 53,86 - 5387 -0 31 — 8559 - 8444

Av. 1%
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monoolefins at different temperatures

Dif %CS} . ok Diff. %g} .o K Dift.
-7 9,70 6.67 3.03 888 562 3.26
0.1t 0.76 0.79 -003 - 032 - 035 —003
0.17 —-515 ~ 5.0 +0.05 -~ 626 ~ 632 —0.06
0.23 —1t.10 1102 008 —-1220 ~1233 -0.13
0.33 ~17.08 —16.90 018 1849 1831 -0,z
0.40 ~23.03 -22.79 024 —2416 2428 012
0.46 ~28.08  —28.67 —~059 —3013 —3025 -0I2
0.54 ~3492 -34.55 037 —3609 ~3622 ~0.13
0.58 -4087 - 4048 0.39 -~ 4206 4224 0.8
0.63 ~ 4682 - 46.36 0.46 —48.03 —4821 018
0.69 — 35277  ~52.25 0.52 —54.00 5418 -0.18
0.7 —~5872  —58.13 0.59 —59.97 —60.15 ~0.18
0.79 - 6466  —64.06 060 —6593 =6617 ~0.24
086 ~7061  —69.94 067 —7190 —72.14 ~024
0.92 —76.56  —75.82 0.74 —-771.87 -—7811 024
098 —8251  —8L71 0.80 -83.84 -8409 ~0.25
100 —88.46 - 87.63 083 -88 -9010 -—-029
108 —94 40 93 51 089 -~9577 -96.07 -0.30
P15 - 10035 -9940 0.95 -10074 -10204 030
v 065 Av. 050 Av. 0.18
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TaBrr

Heat fsj‘forma\ion {~ H%) O.S

Alkyibsnzenes 55\,9? ?"?! g:ﬁ; Diff. %-:;3 ‘ L:Z(:?:cK
Benzane 7.1 14.00 21.45 — 285 18.55 1547
Methyibenzene  92.1 17.50 17.39 - .11 10.33 10.19
Etnyl - 106.1 13.92 13.63 - 029 3.22 4.90
wYropyi ., 1202 9.81 9.85 004 —0.34 ~043
n-Butyl v 134.2 5.93 6.09 0.16 -~ 5.84 ~57
#-Peaiyl 148.2 228 2.33 0.05 -~ 1110 —1L.00

n-Hexyi
neHeptyl
eyl
A-Wonyd
ER NS H
s-Lindecy!

n Dodeeyl

53

s

#

ve

¥

Bl

246.4 —23.23
2604 - 26,87

2745 - 30.52

—1.45 - 0.09 ~16.35 —16.33

-5.21 - 0.20 —-2i.60 - 21.61

~8.97 —-0.32 ~26.86 —2690
—12.72 ~0.42 -32.11 ~32.18%
- 16,51 - 0.57 —37.36 —37.51
- 20,27 - 069 -~ 4261 4280
— 24 02 ~079 — 4786 —48.0%
—27.78 ~0.51 —53.12 - 53.38
- 31.58 -~ 1.04 —58.37 -58.70
- 35.32 - 1.17 —63.62 —63.99

~39.08 —1.28 —~€8.87 —69.28
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4
4

alkyl benzenes at different temperatures

Dif %‘Zj{ 8(92]:1{ Diff. %{E}- 12007k Diff.
~3.08 15.51 12.31 3.20 14.52 11.08 3 44
~0.14 6.40 6.40 0.00 5.27 509 0.18
~-0.32 0.80 0.49 0.31 ~0.28 —0.89 - 0.61
—0.09 —5.42 —5.46 - 0.04 —~6.80 ~692 —0.12

0.13 — 1162 —11.38 0.24 —12.70 — 1290 - 0.20
0.10 - 17.57 —17.29 0.28 ~ 1879 ~ 18.88 ~0.18

0.02 ~ 2352 —23.24 028 — 24.70 —24.91 -0.21
-0.01 - 29.47 -29.15 0.32 — 30 60 -~ 30.89 - 0.29
~0.04 — 3541 —35.06 0.35 ~36.60 -~ 36 8% ~0.28
- 0.08 —41.36 —40.97 0.39 — 42.60 — 42 86 ~ 026
-015 —47.31 — 46,93 038 —~ 48 60 ~ 48 89 ~0.29
~0.19 ~53.26 —52.84 042 — 54.50 ~ 54 87 —0.37
~023 —59.21 - 58.75 0.46 — 60.50 — 60.85 -~ 035
~0.16 - 65.15 — 64.66 0 49 —66.50 - 66.84 - 0.34

v-:;
~0.33 — 7110 — 70.61 0.49 — 72.40 - 7286 - 0.46
~0.37 - 7705 —76.52 0.53 —78.40 — 78.85 ~ 045
-0.41 — 8..00 —82.43 0.57 — 84.40 — 84.83 - 043
€.17 Av. 035 Av., 0.31




W TRk, Das, & H. Iskanix A<D N. R. KULOOR

TARLE

Heat of formation (4H,) of
o API . API ,
- Mol. ) 4K s 1 400°K
Cyclopentanes i ?&!_ Cale. Diff ?21]‘ 0K

Cyciopentane 01 — 10,88 ~13.06 ~238 -~ 20.80 ~22.82

Methyl " 84.2 —16.62 ~ 1674 ~0.12 -~ 2807 - 28.1¢
Frhad " 582 - 20,23 —-2040 ~0.17 ~ 33,29 —~33.33

a-Propyt ., 112.2 —23.98  —2405 —0.07 ~-3864 3859
ABuyl 1962 ~27.52 2771 —0.19 —4379 4384
a-Peasyt 1403~ 3116 —313% 023 —-49.04 4912
s-tenvt o, 1943 ~34%%L ~3504  —023 ~5439 —3437
w-Heptyl .. 1883 ~3845 3370 ~9.25 -5955  —58.61
a-Oetyl 1§23 ~ 42,10 ~42.35  -025 6480  —6486
wNony! 1864 4374 4604 030 7008 ~70.14
wieet 2164 - 4938 49469 031  —7530 7539
o Lindeey? 344 -35303  .-5335 032  —£0.55 - B80.64
sBoderyl |, 2384~ 3647 —57.00 - 0.33 ~§5.81 — 85.88
wTridgeeyy |, /LS ~6032 6068 ~0.36 —91.06 - 9L17
a-Tekra 685 6395 6434 038 —9631  —9641
wPents 2803 6760 6799 ~ 039 10156 — 10LEE

weberg s 294.5 ~ 7125 —~71.65 040 10681 - 10690

Av. 0.27
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seclopentanes at different temperatures

AP

Diff. Pro). sgotic Dif. Prc] j2nK Diff,
200 -2606 —-27.59  — 153 2697 .-38.22 125
—003  —3374  —33.50 024  —3452  —34.19 033
-0.06 —39.67 —39.38 029 4034  —40.11 0.23

0.05 —4572  —45.25 047  —4640 - 46.04 0.36
-0.05  -51.36 - 5LI3 043 5236 5196 0.34
-0.08 —57.51  —5705 0.46 - 5830 5793 0.37
-0.08 -6346 - 6292 0.54 —6420 6386 0.34
-0.06 6540 —68.80 060 -7020 —€978 0.42
~0.06 7535 7467 0.68 —7620 757 0.49
~009  —$1.30 - 8059 071 8220 8168 0.52
~009  —87.25  ~86.46 078 —88i0  ~87.61 049
-0.09 -9320 9234 0.86 -94.10 —9353 0.57
-007  -99.14 -982 093 ~100.10 —99.46 0.64
-0 -105.09  —104.13 0.96 10600 —105.43 0.57
=810 ~111.04 11000 104 —11200 —11135 0.65
~040 ~11695 —115.88 L1l —11800 - 117.28 0.72
~019 - 12794 —12075 119 -12390 -12320 070
. o7 Av. 0.71 Av. 048
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~a

TasLE

Heat of formation (=H%t

o 4Pt ,A AP "

Crlobexanss 00 Frog. Dt Proj. K
Sl ¥ ey Caic,

Cyelphexans %42 - 20 —~ 21.42 — 1.41 — 3170 — 336
Biethyl o, 48,2 - 26,30 - 2321 1.09 - 38.7% —38.8

— 28.8% 003 — 44.13 —44.01

iwyi . i3
wPropyt . 12623 ~ 3363 3257 0.05 _—4960  _ 492
#-Batyl . 1423 3609 —3528  ~0.19  —5460  —5443
mPeniyl ., 1543 3973 3995 023 _59.80 5965
w-Heayl b 1683 4338 ~d4384  —025 6510  — 6455
wHeptyl . 1823 - 4702 —47.32 036 —70.40 - 7005
#Oaryl . 1984 3067 —5L03 036 —T75.60 —7510
mNeomyt ., 2104 3831 —347F 040 -8080  —80.49
mDeeyl .. 2244 5785 — 5840 045 —8610  —§5.68
a-Undecyl o, 2364 —6LE0  —81D8  —048 9140  —9200
wDedesyt ., 818 6504 —6579 055 9660 9613
wlcuieewl ., 1865 - 8839  —€947  ~0.58 - 10080 — 10533
mTeren . ZBOS 73R 7RIS 062 ~107.10  — 106 5
b g . 2943 —T&17 7683 —D66 — 11240 11174

n-Hex.: o e 982 «NUSE 072 _1iT.60  — 11647
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;f:lohexancs at different temperatures

- 191 —37.19 —37.62 —0.43 — 36.68 —37.19 - 051
0.98 —45.10 - 43.51 1.59 —44 36 —43.11 1.25
0.12 —49 98 — 49.40 0.58 —49.25 —49 03 0.22
a.39 --56.00 — 55.29 0.71 ~55.30 — 54.95 0.35
0.15 - 61.80 —61.22 0.58 —6L10 —£0.92 018
015 —67.80 —67.11 0.69 ~ 67.10 — 66.84 0.26

-0.75 - 73.70 — 72.99 071 - 73.00 —~72.76 0.24
0.35 - 79.60 —~ 78.88 0.72 - 79.00 - 78.67 0.33
0.31 - 85,60 — 84,81 0.7% --85.00 — 84.64 0.36
0.3} ~91.60 - 90.70 0.90 —91.00 —90.56 0.44
0.41 - 97.50 - 96.59 0.91 - 96.90 — 96.48 0.42
456 —10340 -~ 102,48 0.92 —~102.90 - 102.40 0.52
047  -109.40 — 108 41 099 — 108.80 - 108.37 0.43
047 ~11540 —114.30 1.10 —114.80 ~ 114,25 051
956 -~ 121.30 - 120.19 1.11 —120.80 ~12021 0.59
056 12720 - 126.07 1.13 —126.70 - 126.13 0.57
8.63 - 11320 - 132.00 1.20 —132.70 ~ 13209 0.61

0.45 Av. 091 Av. 0.45
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TABLE
Heat ol formation (2 H%) of normat

= AT . apt’

n-Acstylenes  ho” Bres. &k, Dift. Pro. G
Ethyne X 53.33 49 67 -467 54,13 43.33
Propyne 401 46.42 46.02 0.00 4377 4357
{-Butyne 541 42.74 42.39 ~0.35 38 57 38.34
1-Pentyne 68.1 38.90 38.77 ~0.13 33.28 33.11
1-Hexyne i1 35.26 35.14 ~ 012 28.03 27.87
-Heptyns $6.2 31.61 31.48 -0.13 22,78 22.61
~Octyne 110.2 27.97 27.86 -0.11 17.52 17,37
{~Nonyne 124.2 24.32 24.23 - Q.09 12.27 12.14
i-Decyne 1382 20.68 20.60 -~ 008 7.02 6.91
i-Undecyne 1523 17.04 16.95 —-0.09 77 1.64
t-Dodecyne 166.3 13,39 13.32 - 0.07 —3.48 —3.5
-Tridecyne 180.3 9.75 9.69 -006 -3874 -~ 8 81
1-Tetea o, 194.3 610 6 07 - 0.03 - 13.96 — 14.05
j-Penta ,, 208 4 2.46 2.41 - 005 ~1924 1932
b-bess o, 232.4 ~1.18 —1.21 —-0.03 —-24.49 - 24,5
i-Hepta |, 2364 - 4.83 - 4.84 - 0.01 —2574 2978
Oete ,, 150.4 - .47 ~8.47 0.00 - 3500 - 3501
-Mona ., 64,3 -~1%i2 -12.12 0.00 4025 —40.28
RS ST 2785 - 1576 - 15,75 0.01 - 45.50 ~45.51
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auit:»fenes at different temperatures

Dif. %E}. o Diff. ?ﬁj‘. 200K D,
—-5.30 53.63 48.23 —5.40 53.00 47.42 5358
~0.20 4207 42.27 0.20 41.49 41.38 019
—0.23 36.04 36.35 0.31 35.05 35.37 0.32
-0.17 30.09 30.43 0.33 29.10 29.37 0.27
-0.16 24.14 24.51 0.37 23.13 23.37 0.24
—-0.17 18.19 18.55 0.34 17.16 17.32 0.16
-0.15 12.25 12.64 0.39 11.20 11.31 ~0.11
—-0.13 6.30 6.72 0.42 5.23 5.31 0.08
-011 0.35 080 0.45 ~074 - 0.69 0.05
-0.13 ~ 560 —5.16 0.44 - 6,71 - 6.74 - 0.03
-~011 —11.55 -11.07 0.48 - 12.67 - 12.74 -~ 0,07
—~ 0.08 - 17 49 - 16.99 0.50 — 18.64 ~18.74 - 0.10
- 0.06 —23.44 - 2291 053 — 24,61 — 24.75 - 0.14
- 0.08 - 29.39 ~ 2887 0.52 — 30358 -~ 3080 —~0.22
- 0.06 —35.34 - 34.79 0.55 - 36.55 - 36.80 - 0.25
- 0.04 —41.29 -~ 40 70 059 - 42 51 —42.80 —-0.29
~ .01 —~47.23 — 46 62 06l ~ 48.48 — 48 81 -~ 0.33
- 0.03 - 53.18 — 52,58 0.60 - 54,45 - 5485 - 0.40
~ 0,01 —59.13 - 5850 0.3 —~ 60.42 - €0 86 — 0.44
Av, 0.11 Av. 0.46 Av. 0.20
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