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 Procedurcs 1o speed calculations for

B Heat capacities | e ok T

B Heats of formation ' e g e

B Free cnergies of formation s iR
. t': e Heats of vaporization, . = - . {7 o3 ,!

- 1 Carl L. Yaws, Lamar University, and others*

Py

[ Correlation constants in an easy-to-use tabular for-

mat are especially applicable for rapid engineering

* usage with the hand calculator or computer. The con-

stants are based on extensive documentation and scores

-+ of experimental data. Margins of statistical accuracy

are noted for each chemical listed.

For gas-phase properties, extrapolation to” Iower-"'

. (200K) and hlghcr (1,500 K) 1emp"raturcs prowde:sl

reliable results. Extrapolation for liquid-phase proper-
ties is not required in most cases because the tempera-
ture range covers mcltmg pomt to critical pmnt

. The tabulated constantsimay be used in various
activities associated with the chemical process indus-
tries, such as chemical-reaction enginecring, thermody-
namics, fluid flow, heat transfer, mass transfcr and
prucese dmgn : ! . ' '

-

bR T oA i _HEAT CAPACITIES OF GAS
j : Robm W Ix‘orrcson, Gordan R .derr amz’ Carl L Iaw

The heat capaclty of major chemicals is 1mporiant
for engineering design in the chemical process indus-
tries. For example, in gas-phase chemical reactions, heat |

capacities for the gas are required to determine the

energy (heat) necessary to bring the chemical com- |

pound up to reaction temperature. Additional usage
includes heat-exchanger and encrgy-balance design
calculations. The heat capacity of mixtures may be
determined from the heat capacities of the mdmdual

' _componcn.s contained in the mixtures.

low pressure is a series CJ(I)BDSIOI'I in tempemture

~ (221 1

Correlation constants—Table 221
The correlation for heat capacity of the ideal gas at

.G =4+ BT+ CT* +DT? °

Sy

" wkere Cp" = heat capacny of ideal gasTat low pressure,

cal/(g-mol) (°K); 4, B, C and D = characteristic con-
‘stants for the chcmical compound; and"7T = tempera-
ture, °K.

'The correlation constants (4, B, C and D) were deter-
mined from a least-squares fit of the available data. The

. “numerous data points were processed with a gcncralizcd

; lezst-squares computer _program for minimizing the
' deviation,

A comparison of calculated and data values is shown
in Fig. 22—1 for a representative chemical. In most
cases, average deviations between correlation and data

* results are less than 0.5%.

Example 22-/—Lct us estimate the heat cabacity of

*For author biographies, see p. 87,
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Correlation constants: heat capacity of ideal gas 0 FINA ! & Table 221
: \  Co=A+8T+CT?+DT? 2 L l
451 LT TN e U R : o Average:. Data ;. ‘
W z sl - ""._‘ i 4 Cp at 208K, Ranga, ' -error, * points, | i :
Compound LA " 'Bx10% €x10® Dx10°" calflgmol(’K) . °K ; no. & Roferemces
i ‘,I» t : o T A ..I' i
lHalogens i il ! 3 ool R e 4
Fluorine, F, 11T 689 - 894 L5480 182 L2181 _208-1500 > 0225 ' 89 715, 6,18,20 3
Chiaring, Cly N 100 5,05 =439 500 L, 815 < 298-1500 0234 60 7,15,:6,18,20 :
Bromine, Bry | thee 811 1Y 232 .- -2.04 4 0.62 B.64 .. 298-1,500 0.131 60 . 7,5,16,1820 i
logine, Iy / CBALIE IS 0 00 oo 027 o883 - 298-1,500 . 0.059 51 .- 7,15,16,18.20 J
4 Z: - H . 3 i : . 5 - |
Sulfur pxides ' i A 2yl 7L v ' 1y ; ;
Sulfur dioxide, §0, . 585 154 .} =117 291 952 - 298-1500.% . 033 45 715,11 546 |
: Sulfur trioxide, 50,5 396, - 346" =268 696 , 1206 *1208-1600 203 .22 ‘715 7}
. Nitrogen oxides 2 ! o . i 1 . S a=ia 4 1
Nitrous oxide, No0 564 . 148 -968 {233 £ 825 '238-1,500.  0.142 13 A
Nitrie oxide, NO 693 -DOS5 - 223, -088 . /108 - 208-1500., 0339 1 115 i
* - Nitrcgen dioxide, NG, 553 13.2 =196 7 LT S ' 880 208-1,500 ,; 0.131 13 7,15 R
" Carbon oxidis it 3 SR e AR VB e i P . o AT
Curbon monoxide, CO 692 . -0%5 280 -4 6.94 298-1500  ° 0.244 21 715
! = Cusbon dioxide, €O, 5.4 154 -8.34 242 . 881 - 0 2881500 - 0155 2! 1,15
3 Hydrogea halides SLEhk i i el . ! /)‘ = . Afh }
Hydrogen fiuoride, HF ©I6 -1t ! 134 ¢ - -0.28 -~ 656 *'288-1500  0.093 33 7,11,15,34
Hydrogen chlaride, HCI \ L1 -6 3077 -0 696 298-1500"' 0.066 ' 47 . 1,11,15,34
Hydregen broimide, HBr 1.8 =152 3z . ~113 . 695 ¢ 288-1,500 0.132 % AL
i Hydrogen indide, H1 695 . -0.76 B 1 AT A 1 (! | 298-1500 0223 .26 R AL
i Miteogen hydrides 4 e sb ek SR o 3 P e TRY Wi, .
b Ammioniia, NH, ST LA =0.16 ~0.66 8.49 .- 298-1500 . 0.189 iy 05
%' Hydrazine, NyH, 387 . 3577 230 % 598 12.63 . 298-1,500 Wi 8 7,15,189,218
1 Hydrogen oxides f By T A e TR L 1 Yo ! "
by Vister, H,0 810 -0.72 363 1 ~L16 - Sy .8.18 12981500 - 0438 L] 70518646 ¢ .
Hydragen peroxide, Hy0, 552~ 198 = -13 a7’ 7 1028 2981500  1.082 63 7,15,18241,245251
¢ | Distomic gases ¥ b = z F 2 TSR TG et ) 1
Hydrogan, Hy 688  -0.022 021 013 =680 ' 298-1500 0.454 L 100 7,15,16,13,645
: Nitrogen, N, e Sy LS A\ =126 L0 684 ‘. 2381500 DAE? D 100 7,15,16,13,516
i Oxygen, 0, 622 21 037 =022 ¢ 6399 ,298-1500 028 100 7,15,16,15,645
b Inert gases Tt § 1A S ey i p
i Helium, Hz 497 - - 2 457 298-1500 ' - - 1518 Sl
. Nean, Ne 497 - - - L 497 288-1,500 = - 1618 i
i Argon, Ar 497 ' - - - 497 298-1,500 ~ - 1618 Y
1 Olefins - Ik 4 : o £ 3 ) i
b Ethylene, C,H, 0834 369 -193 , - 40 1032 > 298-1500 0 0415 . 34 1,11,15
i Propylens, C,Hg . 068 . ‘568 -286 5§ 15.26 2081500 0150 - 47 16,657 +
§' 1-Butenz, C4Hy 1 -0515 83.1 -45.5 . a8 < 2048 288-1500 000 ' 22 ', 14,646 §
£ Alkanes S ko : s bl SIS b ' e : e
4 ~ Mathane, CH, 504 - 932 £81 ' "-531 B53 | 298-1,500 1635 37 1t 461,645
Ethang, C,Hg 245 36.1 -1.0 -0.46 1257 - 298-1500  1.010 44 .+ 1481645
i Prapana, C;Hg -0.58 69.9 -329 6.54 1750 . 298-1500 - 0.649 44 i 1481096 -
i Xylenes 1 . ‘ - .
! o-Xyline, CgH,, (CH,), -368 1420 423 18.2 ' 3185 " !208-1500 0,108 2z 15,645
: mXylens, CgH, (CH5), ~667 1490 -876 1985 _ 3048 £ 288-1500 - oa21 22 1,645
: pXylese, CgH, (CH), -63 M0 .. -844 186 2. .33 Y 298-1500 0435 . 32 15,637,346
v Arometics A =R g g o
% Benzene, Cghlg - 878 1160 ~76.1 189 19.50 | 293-1500---0.333 _. . 6t 315,18,13.424
i Neghtiialene, C,oHg . -13.02 1850 - -128.0 318 3206 298-1,500 . 0.240 25 315,637
. Alkyl 2-omztics 1 ) ik
Toluene, CgH5CHy 9.3 1385 -812 , 208 24.13 2981500 0505 n 15,417
i Ethylbenzens, CgHCoHg 842 1590 . -095 237 30.75 298-1,500 0186 21 15,417
§ Cumene, CgHLCH (CHy), 938 . 1857 - -1120 . 283 36.26 293-1500  0.198 35 15,417,648 ~-- 1
;I Benzens derivaiives ; Py i Fle : =
{ Chisrokenzeng, CgHg 0l -687 | 1230 -888 7 240 . 2343 298-1000 - 0.137 10 15418
! Avilise, CgHghtl, ~8.11 1434 -102.0 30.7 2593 288-1,000 & 0.149 10 15,415
£, Phengl, CoH OH =668 ' 1260 ~E54 205 2482 238-1,000 - 0235 10 15,415,415
b Cycloalianes N 5 v H F 3 .
{ Cyclapropane, CoHy ~6.20 798 ~50.5 12.2 13.36 208-1,000 0197 18 5,415,631
: Cyclabutans, Cylt, -90 1050 ~52.9 145 12.25 208-1500  0.153 19 5413517
i Cyclopentans, CoHyg L1234 C 1328 ~16.09 16.8 13.82 2538-150 0.206 1 15,415,046
§ Cycluhexane, G Hyq C =162 165.0 -91.3 16.8 2341 208-1,500 0.204 24 15.415.646
. Clefin rroaamas " ¥ 3
lsahu, lene, C4Hy A 785 v -432 935 un 293-150C 0315 22 15,536
$tyrane, CHLCHOH, ~1.32 16500 . -80.9 252 2517 298-1590 ¢ DA h 15,511,037




Correlation constants: heat capacity of ideal gas (continued) P P NI S a ~™.Table 22|
! * © Ci=A+BT¥CT?+DT?
E ; % Ay ", ; $Lb ' Average  Data
f ] | . C, at 208K, Range, ~ error, ' peints, :
' * Compound RO, S 15 L (:‘1111{.1‘i Dx109 ‘cal;‘[g mal]-: K} iy % Ao B References
¢ Dialafins ; ; WA Ay 5

13 Butadiene, CHg -058 IR -535 138 19.21 208-1500 043¢ a4 15,417,628
: Isoprene, CgHy 063 © 1005 . -640 , 158 .. 2531 298~-1,500 0335 - : WM . 15,417,638
p2o--  Chloroprene, C, 'H &l 283 ; 158 ~483 . 118 SRR P ; ieeeled S AT g
1 Drganic oxides 2 : : z S SEs st bty b :
r Ethylens oxide, C,H,0 -206 544 <324 ;731 his 11183 208-1500 0182 . 28 . 715637
g Propylene oxide, C;H,0 -3157 ; 854 . -616 185 : 20 2 298-1,000 0.314 24 . 15,649,654 {
¢ Butylene oxide, CHg0 . -281  '978 488 -: B, e v e ] st ; -
i Primary alcohols SAyiEEL e y o 3 3 . \ : o R ]
’ Mathanol, CHyOH #TIE 30 M9 -8 1048 _298-1000  0.429 35 . 15,416418,637,692
b © Ethanal, C,HOH ; 0.239 623 . -38.06 947. " 1584 208-1500 1357 a3 15,418 531,602
'. 7\ nPropancl, CzH,0H 1 3 68.6 -210 151 . 2082 253-1000 0437 .~ 28 . 15415418602
; n-Butanol, CH, OH 2.51 911 -39 409 i " 2629 208-1000  0.931 26 .. 15,418,692
** Chloromethenes o ; ; ] $ ;
_ _ Mathyl chioride, CH,CI 5% 3. S - R IR~ T S 298-1500 0127 749, 715418721
B Methylens chloride, CH,Cl, PO 5 SRR T ST S - e Uil 1213 208-1500 0274 49 . 15818727 !
£ Chiorufarm, CHCl, 741 57 A3 -4 i 729 .- 188 I98-1500 . 0394 . .34 15418721 3

: Carbon tetrachloride, CCly 128 - 332 -293 . _ _858.. ey o 2002 - 11298-1500 ; 0618 . - 34 +o 15,418,121

e ey S PR S B o AL e e e ek ) ATl

*

The ca!culatcd and data vaiues compare favorably

,(“’

o

_ jC °dT
10

i L]

25 I....-_.‘...,_E...____ ..,_,_,?.. ‘_._.._,I..__-..._.‘_. e e ! (8 46 vs. B. 53)
i | O Dgtz {Ref.727) . H . ) ¥ «
[ s Correlation of Eq. (22-1) e W Example 22-2—Let us now calculate .the energy re
20+ ' _ Pt TS ! quired to heat chlorine (Cl,) from 25 C to 225 C at law
: 1t Methyl chiorice ’p..-vp“" Engi . pressure. i
Fo raife Mﬁ‘ e S| .|~ From thermodynamics, we recall that the changc in
i = R B e cnthalpy, AH, at constant pressurc is: :
;
]
Lo

| é.H.._f A+ BT+CT2 +DT3)¢:'T
; 2(10 400 B(IU 8[!{) HJ[]I] 1,200 1400 . et b :

Temperature, °K =~ - La o) .'. AH = AT + _Tz 0133 2oL D ] z
- ; O P 2 \ o

‘ . By substituting the correlation constants (4, B, C, D)

. —~——_ | , for chlorine from Table 22—I and the temperature

¢ iy | limits, (7, = 498.16 K) and (T, = 21%15"12) into the

o y J cquatlon we obtain: - 2% 1

* Heat capacity, C7, cai{{lg-mol}(aKJ -

Heat capacity ML : Fig. 1

:rm:thanc (CH ) as a Iow prcssurc ga.s at 25 c-|:ix
(298.16 K). . : AH = 7.00[498.16 — 298.16] +

W othot e corvblition comas (4 B,C D)for | - ' M{(@a 16)? — (298.26)"] -
methane from Table 22—1 and substitute them into Eq. Dt 4‘3’9 2 10 ]
(22—1) at a temperature of 298.16 K to get: - - | 1 ---->3<—-—{(498 16)? ,a-/298 16)°) +
C,° = 5.04 + 9.3 X 1073 (298.16) + ' ST T a0 10w
_ 8.87 X 1075 (298, 16)- —5.4.% 10‘9(298 16)3 N L 15)’ < (298 iﬁ)*]

C,° = 846 cal/(g mol)(°K) - , : i “onnds Bl == 1 6675 caI/g mo! i TS
" ¥ N Wt . "
: I =" . : : ' - .
X ; _ HEATS OF FORMATION . | ARG i,
e S LaPte F L. David Hood and Carl L. Yaws et A :

Heats of formation for individual chemicals in chem- | ' exothermic and cooling is needed. If AH° >0, the
ical reactions are required to determine the heat of reaction is endothermic and heating is required. Agree-
reaction, AH,°, and associated heating and cooling re- ment of calculated and data values for this procedure is
quirements. If AH,? < 0, then the chemical reaction is very good. : ; g

i g -~
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CORRELATION CONSTANTS " -~ | .. ! £

Correlation constants: heat of formation of ideal gas Platiy NI /! 3 "o Table 22—11
i : 3 RS AR S AFBT+CT? JERR O o
i : L TR RO e N LT 1 R ~ '"Averageerfor:'  Data
} 5 ey P Lo B at298K, . Rangs, . (ebsolute), - points, '
i Compound : '8x10° €x10%  keal/mol °K ' . keal/mol ' . no. References
L s ; i R e L P G el S ’.'.‘- < i G gl s
‘g ; ] 4 i 1 2 : ;s Teai il St | -
% Sulfur axides HOH Gl S i ; ; i : ! e e j o
¥ Sulfur dixids, SO, -'{—ss.n ¢ =529 - R o085 v 2g8-m 0435 aiiq M-k 8 116
L o 48 ~\-289 032 - . -BB6@BJ0K ‘' 717-1500 [ BERUSER | R 715 - !
o Sutfur trioxide, S04 & -93.1 .. -5.34 PG, (=848 - 288-717 . . 0MB 0. W RS g t
G oo - {3 {-iw,s_j ,0.80 - 4 11010800, - 71715000, ¢ 0483 M RULEE e g
¢ Nitrogen oxides i bt B ot LR L Y F LT : s i P
! Nitrous oxide,N,0  * 19000 0803 Uy D st O vopgs o 208-1500 L Y 0 Y28 ARNCUTIe Ao
. Nitric oxide, NO Lo ng 4 00036 i 216 ' 298-1500 .- apl0 . N3 1,15 e
‘ Nitrogen diox'de, NO, P1eeL-pam - 800 7 2901500 . V087 UG B o RIS T
# - Carbon oxides i ' Sl L MR '_"- 2 el N S :
& __. Cortonmonoxidz, CO [-265 - 08¢ 105 =264 2081500 .0 0040 i 23 TR LAIB i
v Corban dioxide, CO, -938  -043 . - . -8405/ ° 298-1500 - L s < I R A
% Hydragen hatides : Y i R SN ! SRS ! . T
¢ -+ Hydragen fluoride, HF =646 ° —DRO1 - . =649 298-1500 . - 0980 - 37 7,15 .
i Hydrogan chloride, HCI y -218 ~0.610 - v -2208 - 288-1.500 0.031 37 s b e ¢
! Hydrogen bromide, HBr | -8.13 201 -734 ' _ . -BS9 -~ 100-331 © 0017 1 St 7,15
i . \ 1-120  -135 045 ° ~1250400 < 331-1500 - 2.016 = R o B
- Hydrogen iodide, HI 3 1.02 -2.42 B 63 ' Q298-388 | . 0.om vt B 1,15
- it % 12 -167 - - - 408@400 386-451 - 0005 - .4 =:1,15
¥ ’ Liliems | ~tze g Gas ~1550800 . 457-380D .. . BOOG .. T 47 ;s
i Nitrogen hydrides A ! L = - A P ST it Vo 4 e e ]
S Ammania, HH, BT B0 2388 =10 293-1,500 < 0038 Sl gp 1,15 et
i Hydrazios, NgHig® ™ 23508 Pros a3 Y Jpg 0402 S T e 29815500 0124 - <} R, 7,15218 .
i Mydrogen oxides 2 L LS B & TS ' PRIt any gl P
i Wiater, H,0 i B4’ etd8 i =NTUTUU[SsFi v 200-1800 VT 00822 T2 an LR
;' Hydrogen paroxide, H,0, © =318 =3.04 ne 1=325 . 298-1500 ;. 0043 Ty ::? . Ei5245
¢ Olefins . ST, ! A LR ficine : NG T - J
£ Ethylene, C;Hy ~<" - * " 7 148 -B81 - 345 *.¢ 11283 - 298-1500 M- [/ 0051 PSR i 1.01,15,417,637
| Propylens, CyHg : 844 o -138 . 531 - ' 488 + 298-1500 " 0.076 37 1 15M83 - o
' 1-Butens, CoHg - 453 -5 12 Y7 -003 . 208-1500 | kR IR ST Y 3 !
i' Alkanes ' ; B S ; pi Al s RERLS A y i
i Methans, CH, : -154 = -959 3.50 . ,=1189 ' 288-1500 oL Q8T e -rn S 1BASIEdY
g Ethane, C,H, T-184 1} -148 | 613 =04 288-1500 035 . .0 7. 48 il 15481,547,637
B inh Prapans, CoHg S =200 -19.1 815 0, -249 2881500 042 il A8 Do 15,447,421,637
ta Xylanes : 145 L A4l 3
Bt oXylens, CgHy (CHy), 10.5 -234 . 985 S 484 © 298-1500 SR K T G Ao 15,417
ML mXyleng, CgH, (CHy), 104 . -48 ¢+ W5 Load2  298-1500 018 "t 22 e T RAN
: pXylene, CgHy (CH, ), 107 ¢ =251 106 77428 - 208-1500 015 - - - IENCE 15417 :
5. .  Benzenz,CgH, AR | e L ] 627 . 198 . 298-1500 0082 A - BN U T U7+ J
i Naphinaleng, C,oHg 415 . =211 101 g 381 298-1,000 0438 Lo - 18 15502 . .
v Alkylarematics g i s el %ey i o ¥ : R e 3 : -
Friv  Toluens, CgHgCHy - ;168 ¢ -190 784 0 1185 29B-1500 0188 ;| 227 15,417
L Elhvlaﬂﬂtiﬂb,cﬁﬂsciHﬁ : 13.1 =215 w2 ., A 132 T 2588-1,500 | . B2 . ‘ 22 3 15,417
- Cumane, CgHgCHICH,), 1.80 -212 1Y skt o M8-1800 FLD B2 bR 15,417
¢ Benzene derivatives X ; LA S : A
bils Chiorcbenzena, CzHgCl 157 =10 =130 B40 v fUT 12387 ¢ 2881000 100280 L Bt 15
) Aniling, CgHNH,, 252 -1786 898 ;. T 2008 298-1,000 O 1 DR R R
f Phenol, CgHg OH =183 oug o 18 -23.0 298-1,000 0.036 9 15 ;
3 Cycloel®ancs 4 . v LHNE . * < i
: Cyclopropans, CoHg L 168 Yl .90 | 12.74 208-1,000 0.064 il 18 15,637
! Cyclubutana, G Hy P 1280 ¢ 248 124 637 ' 298-1,000 0042 | 9 oA
: Cyclopontans,CgHyq @ =116 <213 123 -1847 295-1,500 0226 © i+ 80 . - 15531417837
3 Cyclohexane, Chyg -216 - -320 158 -2043 203-1,500 0.328 N LA N Y ,
: Otelin manome:s : 1) ; . i A !
Lobutylens, € Hy 1 DSED ~179 T4V ~4.04 2681500 0.08 R - SR At = 1 :
i Styrena, C,H, CHEH, WS |, =112 W, B 293-1500 - 0087 il So15an :
Diclating , : i P :
1,38uts "i2ne, C4Hg 9.0 ~10,1 413 255 293-1,500 0.234 i 45 . 15,417,620,635
teopiuag, oy N8 -, -144 6.8 181 238-1500 - 0.079 35 15,417,038
Chloroprenc, C4H,CI 218 =121 L 2402 208-1500 = o - Estimated
. Drganie oxidey | y J q
Ehylene exite, C,H,0 '-829 « -129 6.12 -1258 ! 208-1000 0.022 9
; Fropylene ozide, C4M,0 -11.7 -11.3 6.40 -2, 238-1,000 0083 Mg b2
Butylenz axlde, € HyO) A 5 | ~105 82 ~214 . 208-1500 - -
e i —d o v 4 - - - - --
82 iy . ) CHEMICAL ENGINEERING AUGUST 16, 1976
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Correlation and data values are compared in Fig.

+22—2 for a representative chemical compound. The

agreement is quite good. In most cases, the average
absolute deviations of correlation and data are less than ;

0.2 kcal /g-mol.

Example 22-3—Let us estimate the heat of formation

of ethylene (C,H,) as an ideal gas at 400 K. ;
Substituting the values of the correlation constantsA

B and C for ethylene from Table 22—II and tempera-

.

e

AHP

Correlation constants: heat of formation of ideal gas {continued) 5 Tab'e 22-II
e : AH2 = A+ BT +CT? : S :
t prE i e . % : ' 1 t i
Kt R AHS i ‘{Average error  Data i
£ b P i - 'at29BK, ' Range, i (absolute), points, 2z
[ Compound 4. A Bx10% Cx10% keal/mol ' °K " keal/mol no. References .
E_' .. s i - ol i ' . - - Yy > . . .‘Il .- .. .
i Primary fcobols _ iy ; e . LTS
: Methens!, CH,OH 4485 . -118 498 ~48.08 . 208-1,000 0.015 3 | 15,418,692 i
I Ethancl CoHyOM 518 166 - 1859 ~56.12 . 253-1,000 0.043 21 . 15818692 ]
P - nPropancl, C,H,0H . =857 -223 % W05 ;O -B1S5 s 299-1,000 0.110 27 7 15218602 !
& ngutznol, CHyDH © =598 . -269 . 128 ©  -8559 . 2931600 0.0365 21 - 15818692 i
. Chloromethanes W : S5 3
Pl Methyl chloride, CH4CI ©o-199 L2857 i1 -202 | 2981500 0.549 51 (4 7,15,618,727 ]
" fethylene chloride, CHCL, =205 =513 - 215 [~ -228 {7 2981500 0.048 Bt f 115418707
: Chioroform, CHCL, -241'7° D03 i -245 "' 298-1500 0.173 a7. Lo 15418727
Carbon tetrachloride, CCI, | -24.0 242 = jit o 235 1.7 208-150C 0.358 a7 15,418,727 i

% # ” I : &

Correlation constants—Table 22—II - T - T e, TR YT o
" The correlation for heat of formation of the ideal gas o Ll s T S AR o o B
at low pressure is bascd on a series expansion in :cmper-- (R wrecmmem Corrclition of Eg. (2222)
ature: : P18 N e : 3

; ! ; %‘- Methrna {

. &H°:A+BT+ C‘T2 3 (22—2) v | i =Y s N g “- 1]

y c L a
: . - : =20 e :

where AH = heat of formation of ideal gas at low i -% ”“»Q\u &

pressure, kcal/g-mol; 4, B, C = correlation constants E -2 vy $:5

characteristic for the chemical compound; and 7 = L bk 3 g O =G Oy |

“temperature, °K. \ ; R - TR SIS ISR PRSI |

A least squares regression analysis of the available 8 - 2000 400 600 B0 1000 1200 1400
data was used to determine the constants 4, B'and C.A: t Temperature, °K AR :
gencr'l]i?cd ]cast-squares regression computer program ; :
for minimizing deviation was used to _process the nu- ; :

merous data points. _ i Heat of formation -Fig. 2

wre T = 400K into Eq, 22—2 yields: _
14.8 + (—8.81 X 1073)(400) 4+ .

AHP =
13.15 X 1075(400)? =AY
= 11,78 kcal /g- mol A ;

The calculated value compares favorably with thc
data results (11.78 vs. 11.79). S
r " L - " e ‘LI

W
] \

Gibbs free energy of formation is importanl in chem-

ical-reaction engineering. (Two notations are used to.
denote Gibbs free energy of formation: AF? and AG/.

Usage of AG is increasing and is adopted here.) Values
for the free energy of formation for individual chemi-
cals are required to determine the free energy of reac-
tion, AG,?, and the accompanying cheml{:dl Ihcrmo-
dynamic cquilibrium for the reaction.

\-

In addition, the following criteria are generally true".

for screening the feasibility of chemical reactions:
Reactlon promising:

-
.

Y e V7
. 8G,< 0 keal/g-mol ™
N Iy

N,
s 3

_'FREE ENERGIES OF'.FOR\'[ATION
N - Cecil F. Gorin II and Carl L. Yaws {

\

i i

‘.l 4

Reactlon p0851bly promising: /
0 < AGP < 10 kcal/g mol
Reaction not promising: '
' AG,® > 10 kcal/g-mol

COrrclauon constants—T'szc 22111

Correlation constants for Gibbs free encrgy of formas
tion of the ideal gas at low pressure were based on 2
lmear relatxonshlp in temperature:.

AGP = A + BT

free energy of formation of idcal gas a

(22—3

where AGY =
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CORRELATION CONSTANTS X : A
3 : 3 A
" 4 4 n gH
Correlation constants: free energy of formation of ideal gas ° RDE '-Hf .t =no-.Table 22111
~
: ot AGE= ALRT - ¥ b !
o o . I, g L5 b '-";‘ “ - 2 L e s 2 ' L
i 2 e i AGS A . Averaze error Data: |
i o 7 at 298K, Range, (absolute), points, N .
{ - Compound A . Bx10® - - kecal/mol P keal/mol no. References
i Sulfur oxides 2= ; 3 Ph S : = s :
i Sulfur dioxide, S0, . { = Y B | T e, T BT 5 D) 0.107 -~ 13 <715
i it T 1727 . -126@800 717-1,500 0.783 12 R A |
{£°. Sulfurtrioxide, 50, ", - {-95.& “Teomagl Y -88.6 298-717 0118 ] 13 For 1B
': o L -110, ° 33.7 . =18.2@800 117-1500 . 0.104 12 R 1
I Nitrogen oxides / ) of b N F ok : : ety - .
The Looi o Mitous oxide, N,0 E 186 ;- 120 e 293-1500 0.085 23 ) 7116 7. ¢
+ Nitric oxide, NO L2168 -t -302 T 207 ¢ 298-1500 - 0008 s 23 7.15
{7 Nirogen dioxide, NO, 182 | 15.1 <123 T 298-1500 0.063 R TG L
2 Carbon oxides £yt ey ok Ly i, i e . 3.5 -
H Cerbon monaxide, CO -265 / -213 =328 ' 298-1500 00" - 23 A5 o
il - Cerbon dioxids, €0, = ' -042% . -042 -943 - 298-1500 (1 By i 1,15
i1 Hydrogen halides ; : ; Al : s i t :
i Hydrcgen fluoride, HF —65.2 -1.25" ~655 . 298-1500 ) (T PR A AT
£ Hydrogen chiorida, HCY -223 =112 | —228 283-1500 > ’f' ' 0.047 : 23 g & LR
i Hydiogen bromide, HBT - -5,02 =259 bt} 128 7' 298-331 0 R 11 SR B i T8
i {-‘,12,? =196 -1340400 - 331-1500 DTSR SRR T R e T
" Hydrogen fodide, HI §12-° 0, -8 - 0.38 293-536 0.001 v B e & [
' : ? 205 -9.04 ' -153@400 386-457 0.035 4 ST
SN e At 155 —LIB - -241@500 . 457-1500 0.014 18 2670,
!." Nitrogen hydrides B i R : pitre b oo & 3 ek i 5
Lo+ Ammonis, NHy L1238 212 2389 ' 2831500 Pt L SR 7,15
Lo Mydrasine, NoH, . 03 549 380 298-1500 L 1) 115218
' © " Hydrogen oxides ; ; O SN B T srl T 2, i
{ Water, H,0 ; ~58.6 127 ~B46- ' 208-1500 ' 0138 . . 23 . ik 138 ;
£ Hydrogen peroxide, H,y0, -31.2 264 il S 2453-1{:04_] o0.101, [ kY] g ALS T I
Olefins _ ™, il e L SR T PR e ,
i Ethylena, C,H, 104 18.1 SRR 5 I'2$3—1.530 . 029 - 51 .0 170 1M,15817.831
P, Propylene, CoHg 1.80 4189 150 - /298-1500 o401 5 ar 15,417,637
A 1-Butais, C Hy =343 66.5 171 ¢ 208-1500 0414 it B " 15,417,637
i~ Alkznes } ! W H 3 i
; Methane, CHy =201 MYt _-—12.2 298-1500 \ 0.298 a7 .I-15-45‘-537 =
:\_ Ethane, C,Hg -233 49.7 =183 26981500 0.388 . 51 15,447 451,637
TN Progane, G -288 747 -5.68 292-1,500 0.467 51 15,447 461,637
5 Xylenes i g , ' o e
i o-Xylens, CgH, (CH,)y ~0.12 94.9 292 . 208-1500 0.585 R e LT T
| meXylane, CgH,, (CH,), ~0.79 84.4 ;284 - 288-1500 0508 - 15417
H p-Xyleng, CgHy (CH ), ~0.74 8959 .290 - 288-1,500 oy 0.630 23 15417 ¢
i Aromatics o g ; TN
; Benzene, CgH 16.7 459 30 . 298-1500 . ° 0408 ;38 15417631
' .Naphihalene, CyoHg 333 66.4 - 535 | 238-1,000 0327 . 18 . 15,502
i Alkyl eromatics . ; : i
L Toluene, CgH CH, 7.80 fogeT 292 238-1500 0.557 23 15417
i Ethylbcnzens, C HoCoHg 287 939 312 _298-1500 ... 0648 23 15,417
! Cumens, CoHCH (CHy)y - . -4.32 121. 327 .. 298-1500 . 0.613 23 15,417
{ . Benzene derivatives e SR " 2
: Chlorobenzsne, CgHgC! 10.7 423 237 " 298-1000 i 5| SR 15
H Aniling, CgH-NH, 18.5 708 a8 298-1,000 0.248 e 15
& Phenol, CgHgOH -25.0 565 -186 7 288-1,000 0219 9 15
o Cyeloslkanis X P o savinch s gl
Cyclopropana, C Hg 10.3 411 249 - 298-1,000 0.260 i, 15,637
i Cyclobutane, C H, i 309 162 1263 298-1,000 0.366 9 15
t Cyclopentana, CgHy g =241 108, 9.23 208-1,500 0,617 o - | T 15,591,417,697
{ Cyclohexane, CoHy 5 -35.1 139. . 158 ¢18-1500 0.532 i 15417 837
& Olefin ronumers :
} liobutylene, CHy =163 69.6 139 ., 293-1500 0.465 23 15,417
\ Styreng, CgH, CHEH, o 624 + 511 208-1,500 0.729 2 15417
t -, . 1 5
i Diolefiss- '
) 1,3 Butadizne, C4Hg 242 386 362 293-1500 0.325 §1 16,417.650.628
F lsaprene, CgHg 15.2 638 349 2598-1500 0.343 23 v+ 15417838
' Chtooptens, €M Cl 19.1 © 396 34 298-1500 0.468 4  Estimated
YL Organiz exidas i i
{'_, E1li;lena oxide, C,H,0 -144 363 -3.13 298-1,000 0.203 9 15
: Fropylens oxidy, C4H, 0 =24.5 604 . =617 293-1,000 0.26 1e 1Biw
Butylena oxida, C4H;0 -31.6 £85 -4,92 £03-1500 255 L] Estimated
| !
' ’
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Correlation constants: free energy of formation of ideal gas (continued) - . .. Table 22111

=dt
[

AGI=A +BT

Average error Data

© Data(Ref.417)

oo -y
[ — P

. E’ someem Corrélation of Eq. (22-3) -
' E ; | :
I E ¥ 11,2-Butadicne
SRR - .
By =l ot g |
X H :
1.9 60 ; +
3 ! |
E : i
L~ : 3
{ u 50 4
1.0 { y }
- b i -
il 1 } ;,
g a0 &y
A -
G ¢
u- \ :

900 1,100 1,300

700

AG?
| : " at298K, Range, (absolute), points, b
I Compound AN S B i0Y i keal/mol °K kcal/mol no. References i
\ AT : LT Ml 3 i i i
- } i bl ! i 4
v Primery sleabals . L T i LY : ;
Kethanol, CH,0H -50.2 %5 -388 298-1,000 0.292 : 35 15,418,637 692 -]
Ethanal, CoHgOH -58.3 59.7 -40.1 298-1,000 0341 21 15,418,692 '
- nPropanel, CH, OH ~B45 848 -38.8 298-1,000 0.368 AT . 15418692 !
i " nButanol, CgHgOH -69.4 110, -36.0 298-1,000 . 0.420 & i 15,418,632 :
Chlaromethanes 5 . 5 5 G Al ! i
FER Wethyl chloride, CH,C1 -2207 < =145 293-1,500 0.545 51 o 115418727 P4
: Mathylena chioride, CH,Cl, -239 242 -165 2981500 0.132 51 L 13581800 i
¢ Chloraform, CHCLy -228 259 -16.7 © 298-1,500 0.158 7 15418027 2
i ", Cerbon tetrachloride, CCI Mg e s i .32 ‘_.-'II.B 238-1,500 0422 o 14 15418,721 i I
:~|'. h ’ R Y ‘. L 2 A . v o ot 2R i
| | Lo S A ORGP SR R s § et S Lk S e ik i = = - AT H
: = 3 low pressure, kcal/g-mol; 4, B = correlation constants

" characteristic of the chemical compound; and T =
temperature, ‘K.

The correlation constants, 4 and B, were ascertained
from a least-squares regression analysis of the available
data. The regression analysis was done with a general-
ized least-squares computer program for minimizing

- deviation.

Correlation and data values for free energy of forma-
tion compare favorably, as illustrated in Fag, 22 3 for

- a representative chemical. ettt

Average absolute deviations between corrclatlon and
d*ata values are less than 0.6 keal/g-mol in most cases

Example 22-4—Let us now estimate the free energy of
‘formation of mc1hanol (CH OH) as an ideal gas af
400 K.

5 1'5_{10' * Substituting values for the correlation constants, 4
o1 Tempegtire, “K and B, for methanol from Table 22—1II, and the tem:-
perature of 400 K mt? Eq. (22—3), ylelds' .
Free energy of formation 3 Fig. 3 AGP = —20.1 + 0. 0249(400) . o W A
= ;}.G, = —10.14 kcal/g-mol ; =t
’ _/7 > . B [ ; : = ;
4 B % oy TR 5
‘ “. . ;" HEATS OF VAPORIZATION ; o

Sﬁm!es!. B T?m&ore, Joseph W. ;M:Her, Jr. and’ Carl L Yaws

N 5 i

Heat-of- vaponzatmn data are 1mp0rtant in process
engineering design. In distillation, heat-of-vaporization
values are needed to determine the heat requirements
for the reboiler. Such values are also needed to establish
cooling requirements for the condenser handling the
overhead fraction from the distillation. Additional
usage includes process-energy requirements for unit.
operations involving saturated-liquid and vapor phases.

'Corrclalion constants—Table 22—1V b ".l

" Heats of vaporization at any temperature are based
on the nrlgmal Watson correlation: -

¢ 4 —-.T] X iy

i AH, = OH, [

g

T, - T,

-

v Lh s i
where :i\H = heat of vaporimtio:‘r’a/t any temperature,
cal/g; AH,; = heat of vaporization at 7, cal/g; T, =
critical temperature °K; T = temperature, °K; T =
temperature for A, °K; and n = characteristic con:
stant for the chemical (in most cases, n = 0.38)

-Values for the correlation constants (A7, T) and n

~are given in Table 22—IV. Results for A/, at T arc
+ based on extensive screening of the literature and selec

tion of recommended values from the cxperimenta
investigations. The temperature range over which th:
correlation constants are usable is also given, In mos
cases, the usable range covers the entire saturated-liquic
state, from the melting point to the critical point.
Calculated and data values are compared in Fig
22—4 for a representative chemical. The average devi

o . ~
oy
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h 3 = 4 1 i
. ; i CORRELATION CONSTANTS . '~ i
+ ” P

; 4 . 1 3 Y . :

Correlation constants: heat of vaporization EERIR LS S e o SRR N T GRS R ETAN T S T able 30 — |V
18 1 & ._! {
e . i ]

! Nei y s gk e :I.':"'._'." ot o g .-', ; o i P i'

i Compound IAHﬂ, lcal:’g Ty, C i Range, °C e References £

* 5w e & - SE PO TS #trat F s & PP tglter- Y 3 1% e - Lo o oL _— . 3

P Watogoms hind G e L £58,h ; R : g

4 Fluoring, F, o411 T te o188 - D. =-1200 0 038 ;1 -2196t0-129.0 | 14,90,1443,0 4

b . Chlorine, Ch, ML ag PL-3808 ¢ 1440 038 . -1010t0 1440 . ' 13,14,30,4370 !

f- . Bromine, Bry - s nt e R0 s T g18 038 .5 ~72103150 | 1489144370 {

Yoo leding,ly ey T gead SIS BAGN 038: .°° 1126106460 _ .- ~'1,48,436270 i

i' Sulfur oxides SR DRI s i N am e Y% e L] {

G0, Sulfur dioxide,§0, . Y SRR T Sl SRS, ([ RS | 1 0.38 | =72.710 1576 10,12,13,73,81,90 4

[ Sulfur trioxide, S0, s v 100 e, 448 2183 038 hay” 16802183 oo 138591 2 1

' Nitrogen oxidus ¥ e Vel Lieri o RSN s TR 1 : 3 R H

Nitrous axide, N,0 GRRE [ TRR ] SRl U ENRNET | BRSO | 1 -90.810 265 . 198,1012,14118 - !
| i Nitric exide, NO 100 7% ~1518 7, '-830 0 038 .. -163810-934 1,9,10,12,14 i

{ - Nitegen dioxida, NO, SLERN T p A Ty ST 1580 08 -y -1M2w0158.0 ° 11044 4

il Carbonoxidis S AEEE ok LRSI S et N A h

W Carbon meaoxide, CO i 516 / Ceof815 v —1400, T ' 038 T -205.0t0-140.1 L. 8,10,13,14,115 §

it Carbicn dioxide, CO, i 56,0~ 1., B i i 038 =665 10 311 ! 8,10,13,14,115,157 !

17 Hydrogen Lilides e B0 Wt , WA ; ] . 4

o Hydiagen flucrida, HF P ". (Equation notvalid for HF) . b 410,183,184,185 5

1 Hydiogenchlorida, HCH - - 1058 co -8503 . ° BLS . 038/ 0 =MA2wS15 . - 14610,12,30,167,174

?. Hydrogen bromide, HBr 52.0 ; ~BBR " 80.0 . pag' i, .-~ -B6912900 £ 4,B8,10,12,167

i i: Hydrogsn iodide, HI § ‘\36.9 LT =385 Cigei | TR ¢ 0.38 . ~50,810 1510 -  1,5,10,12,167,174

:. : Nitmgm h',ld:irla'! e ‘ ! ; Lt . o 4 . - -‘-‘: . o ‘. i’

oy Ammorla, NHy L8214 - _g3q3 ) 1324 L0 038 oL -TM4w01324 0 2,85,10,13,14,194

%0 Hydraine, N H, Sohan - TR T RIS 2010380 . 14,189,155.208,218

i Hygrogen oxides gt i gk Yol Bk e R e g ! :

y Water, H,0 : S A 100 LT 32N UL0a8T 0103742 7 9,12218.246

Lo Mydogenperoxide, a0, . ;- 3218 0 1802 L0486 038 -043t0455 . 4210,242,256,257,260

i Diatomic gases S pat e ) K SR ! X , ,

: Hydrogan, Hy L WT T 50l L -240.2., 0237 ;1 -258410-2402 - 10,284,283,302,306,307,309,335

Nitrogen, N, Dalars 1 -1ess . c-1488 . ‘038 0 -2009t0~1468 . 10,4345,47,277,300,305,317

; Oxyzen, 0, Froc At B0 sttt _1gal alys <113 (038 M -218410-1185 ' 10,43,45,47,286,300,308,393,317

! _lnertg.".:s SR i A e e : 7 \

f Helium, He ; . 52 -2689 % -2680° ., 038 - 2689t -—2FB.0 / . '10,43,311,322,345,397

(.l MeomNe " C0iaes2 i _pee0 <0 -2287 00 038 . -21B710-2287° - . 104347346

| Argon, Ar Doveer e 3888 0 TR w1868 -1224 . C 038 ¢ C-1833t0-1224 . 104347,245

(. Otefins : 1) : o : ' ALER A . :

€0, Ethylens, CH, .. 154 i =103 oS TR T 16921099 - 310245,414415419,450

P Propyleue, CoHg . 1048 -4 - 918 . 038 | -185310819 0 310245414415415,440

E. 1.8utene, C Hg s 938 . ta. iy it 1 1462 038 ~185.4 10 146.2 3,10,245,414,415,413 -

i Alkenes T 1 ok o £ 3+ Al y

; Methans, CH, ST BT s =1BIEC TR B2 oDy =182 510 808 3,10,47,246,417,419,454

! Ethans, CHg : “o1e7 v - -882 0 1323 C . 038.., . -183210023 3,10,245,417.418,453

i Propanz, CoHg - RS |17 I S > X R ¥ 038 ' ~187,7 10 66.7 ©3,10,246,417,419,353

§  Xylenes Moy ; < ) i % /e : RN

: oXylens, CHy (CHL), T R T SGT- T e -252103578 | 2,48417419,484

¢ m-Xylena, CgH, (CH,), o 81.9 : 1281 ! 3438 038 © ... -A479103438 - 249417419454

: pEyling, CoHaCH,), : 810 1384 L 038 - 'j' 13.310 344.0 . 248410 418,472,484

¥ Argmatics % =l : ey vl .

: Benzene, CoHg 841 F 80,40 28894 . ., . 038 . -~ 5531020884 | 34,15309,815817419

f Nzphtinalens, C oM, 80.7 . .21800 . 47562 7. 038 .,7 80551047502 ¢ 38419 :

i Alkyl srcmetis LiHg i il (5 P L e

i Teiuzng, CoHg CHy = BB NE 318.8 0.38 950103188 .. 4413815417 413516

0 Ethyloenzane, C H CoHg 8OO 'Y 1382 i k! L 0.38 -95.010 344 413,415,417,419,516

o Cumane, C4H,CH (CHS), Il T 1524 4% 2. 8807 038 Y -96.0 to 360 4413415417 413,515

V. Benzens derivstives £ g R ' R 3 Sl ey 3 fa g

;" Chloratenzone, C H Cl . 76.0 s=s ALY : 392 038 : —45.2 to 350.2 34413514

i Aniiing, G H NH, Lt [t 1944 4260 038 ..,  -615ta426.0 34413514

- Phenal, CghgOH O T S [ RSB v T SR T (O 4075104200 | 3547503

| Cyslotia g Ay ey : A 1

i Cycluprepane, C3Hg A {5 ~3280 1248 ' 01 L12742101248 1 15.017,139735

i Cyclobutang, CHy SV S TREE T Ry St 100 038 . -8073tw01924 ;15417504

f Cytlopsntana, C H 93.0 | 4526 2385 ;038 -9383102385 15.413,417,419,531

33 Cyclehexans, Cghy o 51 8074 ! 2803 038 655102803 . 15413.417,419,577,682

LIS x; . ¥ . t
} Puburybeng, CoHy M -89 i 144.7 038 - 14035101447 F. 3,10417.607,61.,619,620
Styrend, C HyCHEN, £4.69 150 360.0 023 . -—30.5610369.0 3611620622
vy Dol : 3
13 Bunadieny, CHy R -441 152.0 0,33 -1009101520 | 10419.620639.840
lsaprenz, CoHy 015 0 nmo2 0.33 =136.010 2102 RAEARY
t Chiuroprene, € HCl 83 - 804 i, 2611 0.38 - 12010 2617 4520
’ * 3 ! t
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]

ations between correlation and data values ard in most
cases less than 1 to 5%..
Example 22-5—Let us estimate the heat of vaponza-
tion of methyl chloride (CH,CI) at 40 C.
From Table 22--IV, we obtain the correlatlon con-

&

stants for methyl chlundc as: o Il
Nioo Tt 40, 7 = 3182 K "-;_, g
§ T, = \143.1"C = 416.3K -, Lr
T, = ~238 C=2494 K tALE
O Al = 102 /g i ._\

- By subsmutmg theae va]ues mto Eq (22——4), wc

obtam' ; i'

416.3 — 313.2 1038~ . A

AH, = 1022 — e = S ;

5 [416.3 - 249.4] e BN e
AH, = 85.10 cal/g % \ : -:1 ]

The calculated and data values comparc favorably

o and s pres1dem of the AIChE sludml chapter there,
R

(85.10 vs. 83.84).

A

LY . o

Correlation constants: heat of vaporization (continued) “Table 221V

‘ skt =t 2= 1" i i

! il T - T1 W ;

t faaieaan i H - T PRI, e - A

1 _ L i ey i el i_ o Frile g E i

i Compound  AH,cllg T, e et i Range, °C References {

! Organic oxides . !

; Ethylene oxide, C,H,0 13 10.55 1958 0.466 ~112510 1958 4,10,15,303 574,857 656,459,660 :

P Prapylene oxids, € H,0 : Mag 25.0 2091 1 0.466 . =112.0to 208.1 4,656.657,658 ‘

Butylcneoxide,CHs0 ;. 1005 ¢ 632 226 0. 0466 ., -1500102526 . 4,65 !

Primary alcohels k L S 4 g 41 : b 4§
Methene!, CH,0H 2601 M 2334 : 040 =97610239.4 4,9,15,£13 646,692 ,‘;'

Ethanol, C,H, OH 2028 8.3 3 2831 i 0.40 =114.110 2430 4,9,15,413,646,692 H

i n-Propanot, C,4,0H 1823 . ar2* 263.6 0.40 ~126.2 to 263.6 49,15,413,626,670,672 678,631,632 -"‘
L nButanol, C R OH  ~ 777 =~ 1405 _‘lll"f.?" 2895 k 040 ~80.3t0 285.8 4,9,15,413,646,682 J t
. Chlcromethanes P . *Bailing paint Soelh e 1
3 Methyl chiaride, CH, Cl 1022 ~-238 ... 1431 0.38 =87.7t0 1431 © 48,15574,708,712,718,725 !
b Methylene chlaride, I:H 20l 78.7 ' 198 FLA R 033 -56.710241.0 L. 4.9,15,574,708,718,721 i

¥ Chlarsform, CHCIy ! 688 613 2634 0.38 =631.210263.4 : 49,15,1:74,708,718,721 'g

H Carbion tetrachloride, CC, 4655 | 1€.7 2832 £3F 038 . -229102832 4,8,15,574,708,718,721 i

P R T R P e - R S (R o e LS P FARER ORI 5 .; ialin :ﬁ....:. P e LRI G L S AR A SR

e R g e e N S Referenccs _

AL Lo b i yeousit i LY “The reference citations listed in this article appeared in it 1 through

© 100 © Data (Ref. 4,712) ] 21 of this series, References 1-72, Part 1, June 10, 1974, p. 78; 73-93, Pant

o wrmee  Correlation of Eq. (22-4) s uh 8, 1974, p. 92; 94-134, Part 3, ;‘\m; 19, 1974 106; 133-157, Part

LS00 . Sept. 30, 1974, p. 122; 158-187, Part 5, Oct. 28, 1974, p. 1'7' 188-235,

: 3 Methyl chloride Part 6, Nov. 25, 1974, p. 100; 236-262, Part 7, Dee. 23, 1974, p. 74; 263-

: :':"a 80 336, Part 8, Jan. 20, 1975, p. 106; 337-408, T’art 9, '["c'b. 17, 1975, p. 94;

.'rd 409-443, Part 10, Mar. 31, 1975, p. 109; 444-469, Part 11, May 12, 1975, p.

¥y 70 97; 470-490, Parl 12, juh 2L, I9?5 p. 122; 491- 51_1 Part 13, hepl 1, 1975,

5 p- '115; 516- Sll} Part 14, ‘Scpl 29, 19?3 p. B1; 347- 5?4 Part 15, Oct. 27,

(= 60 3 1975, p. 127; 575-606, Part 16, Dec. 8, 1975, p. 128; 607-629, Part 17, Jan.

?.',3 60 A 19, 1978, p. lI5 630~ 6—!-[: Part 18, Mar. 1, 1976, p. 115; 647-665, Part 19,

CE \ 4 Ap“ 12, 1976, p. 137; 666-704, Part EU,Jum:'? 1976, p 127; 705-734, Parc.
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