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Table I.
The Change in dty/dP with Pressure.
dt/dP (°C/mm. Hg.)*
Pressure
B 2, 2, 3-tri- 2, 2, 4, 4-tetra- .
(mm.) Benzene methylbu&ne 3~-ethylpentane metilylpe:tzxr:e n-heptane iso-octane
700 0.0456 0.0478 0.0478 0.0527 0.0478 0.0496
760%* 0.0427 0.0449 0.0448 0.0494 0.0448 0.0465
300 0.0411 0.0431 0.0430 0.0474 0.0430 0.0447
A e = e
o] 13‘:?3**, 0.00045 0.00047 0.00048 0.00052 0.00048 0.00049
Avera, : . v 95
oc /53:1'!%1** 0.0023 0.0024 0.0024 0.0026 0.0024 0.0025

* Calculated from originally given dP/dT.
** Some of the values differ from those given in other Tables due to the fact that different empirical
equations have been used to calculate dP/dT.

***  (Calculated for the pressure range, 700 to 800 mm, [Ig.

Tiouton DORIFRLHEMT BT &ic X v, Clapeyron-Clausius St TFioifi~2 M fmL
LZTHHH.
Clapeyron-Clausius 2 #~3 &,
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EA%5. R BABEH 4L P B T aF3XNeME HATDRARMLIBELD 4L 38
ECEERTd ), HMORRRABORCIKLTMEHELES2 0L, P 1¥ic 760
mm. fHECSDUE—FELRMEIND LT oRbE, TORA

dT/dP=KT, 3)
Ein. Ty REHBEOCHIENTSS. Kk, MRIMRE o <hiL<,

d[h/(|P= K (273.1 + tu) =K'+ Ktl,

LY, ZREIRLAMOIDLAS. HWRTHE 1 XA 2BENBLZ IO TS
DBERL, KBCRETFONAIDELHELY S, H11HEIT BHEOLRLASED d/dP (5
Xk kT dP/AT) ic 4 %5 Lamb & Ropei® O BEER CHEIEMR L BRI 3. HEpET
{% Clapeyron-Clausius X6 #idfi7eds, IEH I BRI N 22650 & B —FT 2 88
BT AN RO NN THS. RELEFDORAR L OLERI RS 2MHTH 3.

6) A. B. Lamb and E. E. Roper, /. Am. Chem. Soc., 62, S06 (1940).
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Table I1.
A Comparison of Several Empirical Equations for Calculation the Changes in
the Boiling Points with Small Pressure of Some Hydrocarbons.
. e L | B p.oc| 4 l/dP*‘ 9% Deviation in dP/dT (Calc’d.—Found)
Hydrocarbons' ormula | 760 mm(°C/mm.), Tq () | Ea.(6) | Eq- () | Ea. G) | 9. (9)

n-alkanes
Methane CH, —16143 | 0.0165 | —2.6 16.5 43 | —35 | —01
Ethane C,H, —88.69 | 0.0244 [ —1.1 5.6 24 | =05 | —0.9
Propane C3H, —42.42 0.0299 | —0.1 3.0 3.0 0.4 0.3
Butane C,lyy —0.63 0.0341 | —0.8 -0.1 1.7 —0.5 -0.3
Pentane CsH,o 36.11 0.0388 0.9 0.2 3.9 1.4 1.6
Hexane CH,, 68.74 | 0.0421 00 | —19 2 0.4 0.8
Heptane CH,,; 9836 | 0.0447 | —1.3 [ —4.0 04 | —08 | —03
Qctane Gl 12566 | 0.0482 | —0.2 | —3.5 1.4 0.8 1.1
Branched-chain alkanes
2-methylpropane C.H,o —1210 | 0.0337 1.5 2.9 4.1 o, —0.1
2, 2-dimethylpropane CsH o 946 | 0.0363 1.9 .3 4.6 24 0.4
2-methylbutane CsH,s 27.95 | 0.03%0 1.1 0.7 3.5 1.6 | —04
2, 3-dimethylbutane CeH,, 57.99 | 0.0414 14 | =02 0.3 1.9 | =01
2, 2, 4-trimethylpentane CyH g 99.23 | 0.0465 24 | —0. 2 a. 1.0
9, 5-dimethylhexane GH,, 109.20 0.0466 0.1 -29 1.5 0.6 —-1.3
2, 6-dimethyloctane Cyotlaa 158.54 | 0.0521 | 0.4 | —3.7 1.7 09 | —08
n-alkenes
Ethene C,H, |-—10381 | 0.0226 | —2.2 6.4 0.7 | —11 0.4
Propene Cyll, —47.66 | 00201 | —0.5 2.9 25 [ —0.1 0.5
1-hutene C,l, —6.30 | 0.0338 | —0.1 0.9 2.5 0.3 0.1
Trans-2-butene C.H, 091 | 0.0350 1.0 1.8 3.7 1.5 .2
Cis-2-butene C,H, 353 [ 00339 | —29 [ —23 | =04 | —24 | -2
1-heptene C.H,, 93.78 | 0.0459 24 [ —01 44 3.0 2
Branched-chain alkencs
2-methylpropene C,1, —7.12 | 0.0344 21 3.3 4.9 2.6 25
2-methyl-2-butene C:H,, 3843 | 0.0389 04 | —0.5 LA 0.9 0.0
Dienes
Propadiene C,H, —3364 | 0.0300 | —2.7 | —0.2 0.2 | —08 | —0.5
1, 3-butadiene C,H, —4.51 | 0.0340 0.0 0.9 2.6 0.4 Lo
1, 4-pentadiene CsH 26.06 | 0.0376 0.4 0.1 2.9 0.9 | —04
2-methyl-1, 3-butadiene G 3408 | 0.0382 | —0.2 | —0.8 2.1 0.3 0.6
n-alkynes
Ethyne C.H, —85.22 | 0.0229 | —9.5 | —2. -582 | =80 | —10
Propyne G, —9321 | 00299 | —=7.0 | —47 | —39 | —62 | —21
1-Dutyne ~ C,I, 9.05 | 0.0358 .7 1.0 | —3.2 11 3.9
2-butyne C,H, 2711 | 0.0363| —3.3 | —36 | —09 | —28 | —1.0
Miscellanecs
1-buten-3-yne C,it, 511 | 00338 | —3.1 | —3.1 | —1.2 | —32 -
1, 3-butadiyne C,H, 479 | 00351 | —1.5 —1.2 1.0 —1.0 —_
Cycloxane CiH,, 80.74 | 0.0438 | 1.0 | —1.2 3.0 15 —
1, S-hexadien-3-yne C.lI, 8250 | 0.0435 | —0.4 | —2.7 1.5 0.1 —

Means of Values for all Hydrocarbons 1.7 2.5 2.5 1.7 0.9

* For names, see G. Eglofl, “ Physical Constants of Ilydrocarbons,” Reinhold, Publish. Corp., N Y.,

(1939—1940).

**+  (aleulated from dP/dT.
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(dP/dT)y, = %Llo'fi_lgi —9268 )

I W ENL D THOT, P IXKCHE TN T ROER B~ DT —,

3461 log,, T,

T, —1.77 (8)

(dP/dT)y, =

I+ 5.
#1,6 7, SKOEFEENL Lamb % Roper® D4ER,

log 1a Te

(AP/dT)y, = as —2At—"- +b, )

OEFEELHCHELTEE, B KOBKOMTRLTHS. a0 & b BRILAEOME
OFICHLTEHTSS. TOBENRIERILKFE 3 HicaAMIT X CGEET 255 8ERM
Fege LTRILAKEOHBAEFHCHT 2 ML EDLT LR EARARTSHS. OB
HEORBEDIOT, HEDOHE “f 24 (Miscellaneous) ” k2 aic L TEKT
EHTHAEW.

FIMREL 6 SXAEFINEKOF— 5 e RTHERTHS. Bl EHOFELTFHIVER

Table II1.7

The Correction Factor: for the Boiling Points for Small Changes in Pressure.

B. P. at 760 mm. [lg. Correction factor B. P. at 760 mm. 11g. Correction factor
°C (°Cfmm.) (°C) (°C/mm.)
—100 0.0:3 - 200 0.056
—-50 0.02y 250 0.061
0 " 0.035 300 0.065
50 0.040 350 0.069
100 0.046 400 0.073
150 0.051

The correction factors can be regarded as accurate over a pressure range 76050 mm. IIg. (Ref. 7).

b5 dt/dP offig tRR L. B LLSmeHT 2Kk 2+ R0 dy/dP fili § AR h E B
FRLTHD. ThRBIHEOWEL ENPHEC - LTHILERTIRDTLS L
e, HOBROBBIECRTHEHLORELERZTHL 5.

B 1 BOBEFR LR+ +£0002 X b Hmaise /P iz 7T, chicfkoT®oml,

© B e TR B 105 oS £0.002 HRBGHBITHIT L 100°C 12 Tiky

+0.005 CH 3 L 2BRFEETIMINLTHC.
7) E. 8. L. Beale, Sc. of Petroleum, Oxford University Press, Vol. TI, 1231 (1938).
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Table IV.
The Changes in Boiling Points with Small Changes in Pressure of Hydroecarbons.
dt/dP (°C/mm. i
Hydrocarbons Formula B,m% r:g: t far CCjmm. Callzl'g'— Ref.
Found Calc'd Found
n-pentane Cstl,, 36.00 0.039 0.0385 | —0.0005 8
s » 36.10 0.041 » —0.0025 8
’ » 36,077 0.0391 » —0.0006 9
n-hexane CH,, 68.71 0.042 0.0420 0.0000 8
» ’ 68.733 0.0420 » 0.0000 9
n-heptane C;H,, 98.35 -| 0.045 0.0453 0.0003 8 ik
s s 98.365 0.0449 | 0.0453 0.0004 9 i
" n-octane CH,, 125.59 0.045 0.0482 0.0002 8 i
> » 125.638 0.0477 » 0.0005 9 H
n-nonane Cotlyy 150.71 0.050 0.0511 0.0011 8 ;
n-decane CyoHes 174.06 0.052 0.0536 0.0016 8
n-undecane C,,1L, 195.84 0.054 0.056 0.0020 8
n-dodecane [0 § P8 216.2 0.056 0.0582 0.0022 8
i-pentane CsH,. 27.95 0.037 0.0376 0.0006 10 |
2, 2-dimethylpentane CH,, 79.23 0.0445 | 0.0432 | —0.0013 12 i '
2-methylhexane CH,, 90.23 0.0437 0.0444 | —0.0043 12 !
2, 2, 3-trimethylpentane CHy,y 109.843 0.0480 0.0467 —0.0013 11 i ‘1
2, 3, 4-trimethylpentane*** CH,, 113.84 0.0484 0.0470 | —0.0014 12 |
2,2, 4, 4-tetramethylpentane C,yl1y 122.281 0.0492 0.0485 | —0.0007 15 A
2, 2, 5-trimethylhexane CoHup 124,06 0.0492 | 0.0482 | _0.0010 12 i
2,2, 4-trimethylhexanc®** (o ¢ A 126.51 0.0491 0.0484 | —9.0007 12 i
2, 3-dimethylheptane CyHyg 140.65 0.049+= | 0.0500 0.0010 13 |
2, —dimethylheptane G,y 2 8;35.2 0.049 0.0-494 0.0004 14 [ E‘
2,2, 6~trimethylheptane Cyolla 148.93 0.0510 0.0509 | —0.0001 12 ’
Hexene Csll,, 65.92 0.043 0.0417 0.0013 16
Benzene ' CeH, 80122 | 0.0428 | 0.0433 0.0005 10
» s 80.044 0.0427 0.0433 0.0006 17 !
Toluene CH, 110.80 0.042 0.0467 0.0047 10 !
s » 110.606 0.0464 0.0467 0.0003 10 ' r'
Ethylbenzene ok 4 136.15 0.048 0.0495 0.0015 10 !
m-xylol Gl 139.30 0.0490 | 0.0498 0.0008 10 :
» » g 0.0208 | 0.0498 0.0000 10 I 4
Propylbenzene (iso) Gyl 152.39 1880537 0.0517 0.0010 4 L‘
Propylbenzene CoH,ya 159.45 0.052 0.0520 0.0000 10 ‘ i
n-butylbenzene Cpotly, 183.10 0.058 0.0346 0.0034 10 ‘
Cyclohexane CeH,e 80.80 0.045 0.0434 | —0.0016 10
Methylcyclohexane GH,, 10120 | 0048 | 00456 | —0.0024 10 |
1, 2, 4-trimethylcyclohexane CoHyg 141.22 0.051 0.0500 | —0.0010 13 |
Biphenyl Call, 254.93 0.061 0.0625 0.0015 16 ,
Naphthalene C,oH, 217.68 0.057 0.0584 0.0014 16
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. » 217.96 0.058 0.0585 0.0005 16
Anthracene C,H,, 343 0.0630 | o0.0712 0.0032 16

* Boiling points as given in the literature.
** Given as dP/dt which probably is meant for dt/dP.

**%  Jdentification not certain.
R K OBHCFET S, 253 TAVIORBRL L EBRERLOIHEC I 50 THD
T, {tSHONEHCHEI POTEVOTHE S, BWEORBFTIE decane, undecane,

dodecane I #¥ % dt/dP OWHFREETF ZHc BN 2. o b FAKcORENC D
b, ¥y VY vHBEEHORMKFECHL TR X (BT %.

Table V.1

The Changes in the Doiling Points with Small Changes in Pressure.

°
Hydrocarbons* Formula B, P. °C at Ak Chom) Difference ,
760 mm. Ilg. Found Calcd.** Found—Calc'd.
3, 3-dimethylhutene-1 CeH,o 41.239 0.0397 0.0395 0.0002
2, 3-dimethylbutene-1 CeH,o 55.615 0.0410 0.0411 —0.0001 -
2, 3-dimethylbutene-2 Cill,, 73.24 0.0414 0.0431 —0.0017
2, 3, 3-trimethylbutene-1 C;H,, 77.874 0.0447 0.0436 0.0011
9, 9=dimethylbutane Cpll, 49.731 0.0407 0.0405 0.0002
2, 8-dimethylbutane CiH,, 57.999 0.0412 0.0414 —0.0002
2,2, 3-trimethylbutane CGH,, 30.879 0.0449 0.0439 0.0010
3-cthylpentane CHg 93.473 0.0446 0.0453 —0.0007
n-heplane Cotg 98.4:24 0.0449 0.0458 —0.0009
2, 2, 4-trimethylpentane Gy 99.85¢ 0.0465 0.045% 0.0006
3, 3, 4-trimethylpentane : Cyll;, 113.391 0.0479 0.0475 0.0004

*  For names see G. Egloff, * Physical Constants of IIydrocarbons,” Reinhold ‘Publish., Corp., (1939,
1940).
**  Calculated from dt/dP=0.0350+0.00011ty (equation 10).

8) Landoli-Boensteins Tabellen, 2427 (1938).

9) M. Wojciechowski, /. Research NAS, 17, 453 (1936).

10) Landelt-Boensteins Tabellen, 1289 (1931).

11) D. B. Brooks, F. L. Howard and II. C. Crafton, Jr., J. Researci NABS, 23, 637 (1939).
12) D. B. Brooks, R. C. Cleaton and F. R. Carter, sbid., 19, 319 (1937).

13) J. D. White and A. R. Glasgow, Jr., #d., 22. 137 (1939).

14) J. D. White, F. W. Rose, Jr.,, G. Calingaert and 1l Soroos, ibid. 22, 315 (1939).

15) F. L. Howard, ibid., 24, 677 (1940). ’

16) Landolt-Boensteins Tabellen 1327 (1923).

17) E. R. Smith and H. Matheson, /. Aesearch NAS, 20, G41 (1938).

18) D). B. Brooks, F. L. Howard and H. C. Crafton, Jr., /. Research NBS, 24, 33 (1940).
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THEDOERIY LT, ABUTOMECTIAE~SLB4. @) F 1 KBEEICE
—160°C X b 300°C it £ 2 MWl EREIC EoT, KIKORLKBEICET 5/ k2Bt
ic L A EREME Y EiticRE T L. O FIRNE—BK @ e s L En T Vil
s ¢BBAFIR2BEDT L. (o) HFILIKICTR LHIERTF (correction factors) %
FEMFE BEERLR~D S DTH 525 300°C LEcHNTRA LAV &. -

HIROFZOH X PE VE TR LAERE dt/dP BEr@ L THlvwefik b bk
x

dr,/dP=0.0350+0.00011 t, 10)

25 00000 B3 LETHD. TOEHPEFHELAE KRG, coBftictoTHITRTETLN
7eBALKFED d/dP O L B L OXB L WECHEEON S L ELRHABENHL T
H5.

) Table VL.

The Application of Relations (1) and (10) to Unbranched- 'and Branched-Chains
of the Aliphatic Series.

No. of Mean Deviation difdP it
Classes of Hydro- No. of Carbons (°C/mm.) for the Classes Let Di .
Hydrocarbons carbons From—To :elwee(xln lbqs'
Considered Eq. 1 Eq. 10 an
n-Alkanes 12 1—12 0.0007 0.0012 | —0.0005
* “ Methane to Dodecane . i :
Branchert-chain 4—10
her-e 13 2-methylpropane to 0.00076 0.00045 +0.00031
Alkanes prop
’ 2, 2, 6-trimethylheptane
2—7 e o
n—Alkenes 7 Ethene to 1-heptene 0.00049 0.00076 —0.00027
Branched-chain =7
Alkenes 5 2-methylpropene to 0.00072 0.00038 +0.00034
ene 2,3, 3-trimethylbutene-1

di/dP REFOREDIERMES £0.002Y FHEEVAD LLAVEZLAHELS LT, ik
DEMERBERAD SO TRAEVE L EV. RLELFH VIRICHTALE 00005 tig+3
48l (branched) {b&4% & JEMIZY (unbranched) fLAinL &+ 5 dt/dP [ @D LRI TT
SLBAMWNRRZS. HVIRIZRT, ARTICRT 7 TOMBFHRILMB <5 7 1 ke
3 2 dt/dP x RIGRIOREMTheF RaPBIXRBHFIOKXN L 0 HIIL, 4HD S
17" (type) OILSMTHTIFEHBRYLE L. Miibatmcs+ 3 /dP (VL) k
D7 10 R MBS gL, 5 1 RIZIENIETILA T H LY (e T2 T L s T
&5, {WoHioa P~NEHED, F4 = (dienes) BT A ¥ (alkynes) SEiCETIT,

17 (9

7 -



MIBILFEDES Vol. 17 (1943)

04 (Rg) &/ K B = Vol. XVII
HEEIE T 2 B E OB, LT SORBA LS 3 EBiABIcAT b 2 OEHS KR
TLREHFTH 2L THE. RLEDL, HiloBicH 1 RiZAMoRILKFEIC & OffiER A
i ORI i pRE R L85, |

Honieath, PI~Er e ¥ v, HE BELSTLAHCE TS dt/dP § Rk BKD, #
FeBESM L B, H1RXERILKEDOH K b FKELEE (Hydrogen bond) ¥ & v (i
THELTHELTHB)ARBASOMACHELBONS. COoOBPRETRE RN TE
CHELLBTFRTE LT 3.

BB nnFl, EXREETESLASYICHT S dt/dP*

ﬁmm#o&MPmﬁLf%lﬁm;orﬁE&%ﬁ%&@koﬁ,Em%oﬁ%&»w

¥y, FEREErEUILAMOMOBEHKTIT LT Le. H 1T~ FritbhRk
= —FA RN LB, RLHMCBRRTRER B C Lo fII L. ALROFZEOH
YRAZEH 11,12, 13, URXKomeEBRXSRILL, HEAHELALIELEH =250,
rryv, Toa-ARECHEATSCTEnlKRIb0THS. HIXNOP—uiL b, HiEc
% dt/dP L¥BRIC X B b DL OERE L WEXGEFRENcZ2EoREEREIN S, o
1XOHFZIO v RERBNOFECRTHIREETHS. ThicltrkedrsT ety
5.

noF L Aesty et Rdh, RIHRBicE L T8 VIIRIOR 22 m

dt,/dP=0.034540.00011 t,, 1)

BRALKEDOBERBC X (BET 5. B HTH LB LEVWIO b B 24, 2%0D
KB, B HENT 24825395 BirN 5.

Table VII.
The Changes in the Boiling Points with Small Changes in Pressure of Halogen Compounds.

B. P. °C at dt/dP (°C/mm.) Difference
Substances Formula 760 mm. Hg. Found P C;lc'd.d— Ref.
oun c'd. oun

Chlorides
Carbon Tetrachloride CCl, 76.65 0.044 0.0429 —0.0011 10
Chloroform CIICl, £1.152 0.0418 0.0412 —0.0006 10
Methylenechloride CHL,Cl, 39.65 0.043 0.0389 | —0.0041 8
Perchlorethylene C,Cl, 121.20 0.050 0.0478 | —0.0022 10
Acetylenepentachloride C.HC]; 162.00 0.054 0.0523 | -0.0017 10

YORERGRME L VRS 2T L R A E B LERB RT3,
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Acetylenetetrachloride C,H,Cl, 146.20 0.050 0.0506 0.0006 10
Ethylenechloride C.H,Cl. 83.50 0.046 0.0437 | —0.00% 10
Ethylidenechloride C.H,Cl. 57.30 0.042 0.0408 | —0.0012 10
Allylchloride C,H,C1 45.10 0.042 0.0395 | —0.0035
Trimethylenechloride G Cly 120.4 0.048 0.0477 —0.0003 8
! Propylehloride (normal) GH,Cl 46.60 0.087 0.0395 0.0025 10
i i-propylchloride # 34.8 0.037 0.0383 0.0013 10
n-butylchloride C,H,CI 78.50 0.041 0.0432 0.0022 10
i-butylchloride 2 68.85 0.042 0.0419 —0.0001 10
Sec.~butylchloride s 68.25 0.041 0.0419 0.0009 10
Tert-butylchloride s 50.7 0.036 0.0401 0.0041 8 ;
Pentamethylenechloride C,1,,Cl, 182.3 0.048 0.0545 0.0065 8 i
Chlorobenzene GH,Cl 132.0 0.049 0.0490 |  0.0000 10 i
Chlorotaluene C,H,Cl 159.15 0.052 0.0520 0.0000 10 8
Bronides 4
Bromoform CHBr, 149.55 0.049 0.0510 0.0020 10 ‘
Methylenebromide CH.,Br, 96.95 0.042 0.0442 0.0022 8 '
Ethylbromide C.HBr 38.39 0.0381 | 0.0387 0.0006 10 -
Ethylenebromide C.H,Br, 131.50 0.045 0.0490 /|  0.0010 10 Py
Trimethylenebromide C,H,Br, 167.35 0.050 0.0529 0.0029 8 o
n-propylbromide C4H,Br 71.00 0.034 0.0423 0.0083 10 !
i-propylbromide » 59.35 0.037 0.0410 0.0040 10
Sec. racem ,~butylbromide C,I11yBr 91.20 0.051 0.0445 | —0.0065 8 :
Tert-butylbromide 2 73.25 0.040 0.0425 0.0025 8 I
n-butylbromide > 101.60 0.051 0.0456 | —0.0054 10 \
i~butylbromide s 91.40 0.037 0.0445 0.0075 10 !
Pentamethylenebromide Cgl1,4Bry 2223 0.055 0.0539 0.0039 8
n-amylbromide Cstl, Br £9.58 0.048 0.0487 0.0007 19 |
Bromobenzene CH,Br 155.908 0.0516 | 0.0517 0.0001 10 .
n—octylbromide Gslly;Br 201.5 0.055 0.0566 0.0016 8 Rl o
lodides i1
Methyliodide CH,I 42.50 0.036 0.0391 0.0031 8 ’
Ethyliodide C,I1L ] 72.3 0.040 0.0424 0.0024 10
n-propyliodide C3H;l1 102.45 0.047 0.0457 | —0.0013 8 Jr
i~propyliodide . ® 89.45 0.045 0.0443 —0.0007 8 , ;:.'
n-Batyliodide C,IL! 130.40 0.048 0.0438 0.0008 S ,f '
i-butyliodide » 121.0 0.048 0.0478 | —0.0002 8 !
Sec. racem-hutylindide 2 120.0 0.048 0.0477 | —0.0003 8 *
Todobenzene (AN 188.45 0.057 0.0552 | —0.0018 3 il
n-octyliodide C,H,;1 295.55 0.060 0.0583 | —0.0017 8 oL
Fluorobenzene CH,F 84.85 0.040 0.0438 0.0038 8 i i
SRS ReFLLemcH T 3XECIREN K &/dP ¥ 8T TEN S, TolLahl ¥
HAMBT =9+, =1y, Heterocyclic fLAMEL =Y v BT 3 v Oz b DICAHMEN I
1 r
19) B. J. Mair, Bur. Standards, J. Research NBS, 9, 457 (1932).
.
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DOTHBH, RECH L TRFE VIR RahzmL,
dte/dP=0.0325+0.00011 t, 11)

DWRTNEZRERA~S. TORXOH—HiH: 0.0345 L b 0.0325 w4+ 3 ¢ L RERO—
DL LT, KEHKAYEIEHROWIEM LHFvs boT, coBBTRELTZTLa ~
NEBRLOBESCNTHITEHELASTHH 5. electonegativity scale It T hif, HRIZHE
BERWKEEA L ELIN D BEL ) RBEVF COKEESRBR LRSI AREL e ik

Table VIIL.
The Changes in the Boiling Points with Small Changes in Pressure of Nitrogen Compounds.

dt/dl® (°C/mm.) Difference
Substances Formula ..1,-2:01)' °Cnat Calc'd.— Ref.
AU mm L Found Cale'd Found

Anitines
Aniline GII.N 184.40 0.051 0.053 0.002 8
methylaniline Cl,N 196.75 0.053 0.054 0.001 8
m-toluidine CrHL,N 203.40 0.055 0.035 0.000 8
o-toluidine » 200.40 0.054 0.05¢ {° 0.000 8
Dimethylaniline Gt \N 19415 0.053 0.004 0.001 8
Diethylaniline C) H;sN 215.5 0.052 0.056 0.004 16
Nitriles
Acetonitrile C,H;N 81.60 0.020 0.041 0.011(2) 10
Propylnitrile C3H N 97.20 0.043 0.043 0.000 8
n-butyronitrile C,H,N 117.0 0.047 0.045 —0.002 8
i-butyronitrile » 103.85 0.046 0.044 —0.002 8
n-valeronitrile CslT N 141.30 0.049 0.043 —0.001 8
i-valeronitrile » 120.5 0.043 0.047 —0.001 8
Benzonitrile C.HN 191.10 0.047 0.004 0.007 8
Hetrocyelie
Pyridine CyligN 115.4 0.045 0.045 0.000 8
Piperidine Cgll;|N v 105.8 0.046 0.044 —0.002 8
n-methylpiperidine CoI1,,N 106.5 0.046 0.044 | —0.002 8
Quinoline C,II;N 243.3 0.059 0.059 0.000 8
Quinaldine Cyol TN 245.8 0.059 0.060 0.001 3
Others
a-Picoline Cgl'N 129.1 0.046 0.047 0.001 3
B-Picoline 4 143.7 0.050 0.043 —0.002 S
Triethylamine CgH ;N 89.35 0.042 0.042 0.000

20) L. Pauling, “ The Nature of the Chemical Bonds,” Corncll Untversity Press, 284 (1940); W. Gordy
Z S. C. Stanford, J. Am. Chem. Soc., 62,497 (1940). Z&NHRLICWES s PMoBERH1BPY T
3.

* WFEEEHELF U “Electro-negativity ” £+ 25, x OXEHNTLRIOFNEORGFOAE X
HKTH3KcL 3. L. Pauling, Ref., 19, 287.

]
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o8P LM bR 5%, BRLSHCANOOAE W EVWATEEFRIPT 5 CBILOTS
5 5. A% LTHE VI RKICZ45TFRAFERES (Intramolecular hydrogen bond) ¥ERT 5
aBEinThrv. 2H0kahk, KEHGOUBLBICHRLTHTHL 5.
IT=FWY = —FLCTALEOEBER Y IXKCRT 5. HEcRBERS TN
cH D1 TOS L OHMHEH TR TRRIKECHNES b E~LNS. HHF1IX
Bz FABCLBFALAE LTERIITEDL AW,

Table IX.

- The Changes in the Boiling Points with Small Changes in Pressure of Ethers.

B. P. °C at dt/dP (°C/mm.) Difference
Substances Formula 76.0 . H Calc’d— Ref.
mm. £ Found Calc'd. Found

Ethylether C,H,,0 34.60 0.036 0.0353 0.0023 10
» » St | oosmz | oosss | ooon 22
n-propylether CH,,0 90.1 0.047 0.0444 —0.0026 10
n-butylether CgH,O 142.4 0.050 0.0501 0.0001 10
n-amylether C oHa:O 178.5 0.057 0.0041 | —0.0029 10
Anisole C.H,0 153.8 0.047 0.0014 0.0044 8

TAFNEF P ZHEOHREBXKCRLTLS. MRS,
dt,/dP=0.0315+0.00011 t,, (12)
FRRDILEMTERAZN DT LEE%RPLHTHS. =~ FAn 8T 3RNcHELE LK
DE—HDO WM OB 1T L HUIR  (resonance effects) ko> T, KFEHESERC—BEATA
5 ZHEsA (double-bonded) OBEENRFET HTLELIDEDTHH H. =RF L, ¥ FvD
FETRTRENL BEMOREZLCILABHT 2 “ KA OREOHFETH L LERN

%.

Table X.
The Changes in the Boiling Points with Small Changes in Pressure of Esters and Ketones.
B.P.°C at| dydP (°C/mm.) Difference
Substances Formula 76'0 n‘\m H Calc’'d.— Ref.
P81 Found Calc’d. Found
Esters i
Methylformate C.,H,0, 31.50 0.035 0.0330 0.0000 10

21)  HEEMEIRERS LY S WA BRI b TE 3 38, “donor solvent ” ifl~if= k¥, =—
Fr, =RFA, b YBIBRTRESIE C—H Link 1K} 0 ARES2F0H 3. M J. Copley,
G. F. Zellhoefer 2% C. S. Marvel, /. Am. Chem. Sec., 227 (1940); @ 61, 3550 (1939); FE, 60,
1337 (1938). : .

22)  W. Wojciechowski, /. Researck NBS, 17, 459 (1936).

17 (19
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Ethylformate C;11,0, 54.15 0.037 0.0374 0.0004 8
Methylacetate Cy0a 57.4 0.0376 0.0378 0.0002 16

4 2 57.1 0.0400 0.0378 —0.0022 16
Methyl oxalate C,H,0, 164 0.0464 0.0495 0.0031 16
Propylformate C,H,0, 80.9 0.0410 | 0.0404 | —0.0006 16
Methylpropionate C,11,0, 79.7 0.0400 |- 0.0403 0.0003 16
Propylacetate C3H,,0, 101.55 0.0440 0.0427 | —0.0013 16
Ethylpropionate C;H,00: 99.10 0.042 0.0424 0.0004 10
Methylbutyrate—i CyH,400 92.3 0.0440 | 0.0416 | —0.0024 16
MethyIbutyrate-n 4 102.75 0.0446 0.0428 —0.0018 16
Ethyloxalate C;H,40, 185.4 0.037 0.0519 0.0149(?) 10
Ethylbutyrate G4H,.0, 121.55 0.042 0.0449 0.0029 8
Ethylmalonate G140, 119.30 0.058 0.0446 | —0.01342)| 8
Methylbenzoate Cai1,0, 197.5 0.0500 | 0.0532 0.0032 16
Ketones
Acetone C;H, 0 26.20 0.039 0.0377 —0.0013 10
Methylethylketone C,l1,0 79.60 0.038 0.0403 0.0023 10
Diethylketone Gt 0 102.00 0.038 0.042 0.0047 8
Diisopropylketone GH,,0 58 0.0412 | 0.0415 0.0003 16
Acetophenone GO 202,00 0.055 0.0537 —0.0013 S
Diisobutylketone Gyl O 109.2 0.0478 0.0435 —0.0053 16
Benzophenone C,3H,,0 306 0.0644 0.0642 | —0.0002 16
Dibenzylketone Cysl1,,0 330.6 0.0686 | 00679 | —0.0007 16

Fha— ZOERYEXIHICRT. 250t LTRAR
dty/dP=0.0250+40.00011 t,, (13)

DHELHRTREPOTHBC EHMF L. ROEZOFH—HOMPOUEICIEE b EH
5oL BB Wojcicchowski®™ O#ME¥ G, —RLTHMEM, TOEH I
DXDID X WEENTHB. T2 BBV KEEEGYERTI2 b0k L1k
abhThd. Fhie@330L LTk, BEEBO#RILNDH>OATHD. BEOR
DINTR, ZHDORNOHFE DK 2 BKRHEAMHENCHBBES D THI L VAHERI T L
2~ A RK (RRCREINIBTEZORIF 2418 %) w8240k b, BN D )
OTHHE B 3.

ZHEDOATORBRCHT 2MERBRIRA LHE BT 2T LETEITENAKTY THD. 4
WL DR ELD LB ~LRDLDOERRL L 5. Wojcieclowski® R IEfgHiML &4 C=
5 kb C=8)icgrL—< dt/dP i CH. Fico% 0.0029 7e35# b Toc & ¥ RLML, I C »¢
HLUETHBET AT - AT, % CH, BHCH LIE CRORME LM Lic. Z%0K

23) M. Wojiechowski, /. Research VABS, 11, 721 (1936).
¥ HRSoMBIIRT INERBATIEAEMELTIBME VAR I RELTTIT A3 — LI
LTEASTIMEROREN 2 L 2RYLTH 3.
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iz, BHREINZLOTH 27, RAEIHHEOLSWCRT DHBEBOREMMLL, £
ik UBILT) KESELERTARICL D, BROBRFALERVS, BLERIRFR
FHICTHUELWEME X 2 0B EES L3 30O TH 5. Smith & McReynolds™ 2
RBOBYBILAYD = 2 7 AL RMILDOER L ) LTTOMBMEXHELTHS. #HEOH
B, :zf»m&%moﬁ&ﬁ REMHALHHREEN L WV BVEEHYETIH0O
FEICERRTHD. HERCORELILAMORRIERS @D <X 5BEREBRELTC
RITEOTRPFEA L Le. ERRDOBEREIE (hormal) &ML VB OB RITRIE L
bOTHDA, MILEHTRTIRL COZERIBEAMKZCHL 5%

Table XI.
The Changes in the Boiling Points with Small Changes in Pressure of Alcohols.
b a dt/dP (°C/mm.) Difference
Substances Formula 760 mm. g — P C;lc‘d.(’—- Ref.
oun ale'd. oun

Methylalcohol CH,OH 64.509 0.0331 0.0321 —0.0010 21
Ethylalcohol C.H;0H 78.325 0.0334 0.0336 0.0002 21
Allylalcohol CGHO 97.0 0.040 0.0357 —0.0043 S
n-propylalcohol CI,0 97.209 0.0344 0.0358 0.0014 21
i-propylaleohol 4 82.40 0.035 0.0340 —0.0010 8
n-butylalcohol C,H,,0 117.726 0.0372 0.0379 0.0007 21
i-butylaleohol K4 108.1 0.035 0.0369 0.0019 10
Sec.-hutylalcohol 4 99.5 0.040 0.0359 —0.0041 10

Tert-butylalcohol 4 82.5 0.029 0.0341 0.0051

n-amylalcohol G0 | 138.25 0.037 0.0402 0.0032
2 4 138.06 0.0402 0.0402 0.0000 21
Dimethylethylcarbinol C;H,.0 102.35 0.037 0.0362 —0.0008 8
Methylpropylearbinol C;H,,0 119.85 0.039 0.0382 | —0.0008 8
Benzylaleohol C 1.0 205.45 0.050 0.0476 —0.0024 8
n-heptylalenhol CH,;;,0 176.35 0.045 0.0444 | —0.0006 8
Water H.O 100 0.0369 0.0360 —0.0009 25

B WHOARBICHT S di/dP ORI R H XILRIORT. IR AR
dt,/dP=0.0295+0.00011 (14)
VRONZBDOTHD. —RLT, 514 KOHE—TH, RIS MAKEHALHURT S
LVSRECHIEL T, Tra—aA0X (13) L IRTHD T LRIFRCBELNLIMLL LA
v BRLED, HOBEEESKE ST LRFLBCNT AEESHBERU LICHG-C

) H. A. Smith ) T. P. McReynolds, /. Am. Chem. Soc., 61, 1963 (1939).
oI lEERIELC .
u3)  W. Swieloslawski, /. Researei NBS, 20, 549 (1933).
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Table XIL _
The Changes in the Boiling Peints with Small Changes in Pressure of Acids.
dP (°C/mm. i

Substances Formula g‘OP’ °(i{at duap CClmm.) Iéfl.i{celnie Ref.

. Wmm-HE |l Found | Cal'd. Found
Formic acid CH.0, 100.7 0.040 0.0405 0.0005 10
Acetic acid C.H,0, 118.2 0.042 0.0425 0.0005 10
Propionic acid CH,0, 141.35 0.043 0.0450 0.0020 10
n-butyric acid C,H 0, 164.05 0.045 0.0475 0.0025 8
i-butyric acid 4 154.70 0.046 0.0465 0.0005 8

n-valeric acid C,H,,0. 186.35 0.047 0.0500 0.0030
i-valeric acid 4 176.50 0.046 0.0490 0.0030 8
n-Caproic acid Cill, 004 206.7 0.0484 0.0521 0.0037 16
Heptoic acid C;H,,0, 222.45 0.060 0.0539 | —0.0061 8
Caprylic acid CgH,;0a 239.3 0.062 0.0558 | —0.0062 8
# 4 237.5 0.052 0.0557 0.0037 16
n-nonylic acid Gyt s04 253.4 0.0534 0.0573 0.0039 16
Capric acid C,oH2400 268.4 0.0534 0.0590 0.0056 16

Methylbenzonic acid CyH,0. 199.50 0.054 0.0514 | —0.0026

Ethylbenzoic acid C,H,,0, 212.45 0.057 0.0528 | —0.0042

(FETL23- 2L IBCHRVWDTED) FRLTHDETLTLARRCE~BNIT LT
b5

THEORFARFHEMIC Pauling®™ KO T HFHFINDHNT, Hic IhiE, 5HTr =~
MR THTE Zig-Zag-Chain % 4 7O EAM~, Trax—~r1d Z45F50 BEKTOM
CHBKEC L VAEEREGYERTAT L L OCHRTS. ERNEVERIEEANY
BUEBCEM T IO E, OBEFUTINILER AW, TA 2~ L BwKERS Y
FOIL L 15 FRMARMBIBCHNLCRRERTORINASBETHS. TOBERIIE~
LYiBERENSTHL 5. MBVETICHRE TRV CNT], RECRTYEATATE
REBACTINTHBIMTHS. b LW T FRFETHRG 2 BAEROKERAIHE
BOBCHEINDIbOTHDI R OW, BN (REBRM B ARABKYET5%r1 L, B
FHURDHE TS, RCAT IKREEEERNINE VENRZCHLF, Tra—r Lk
TH30d Litmv. HEH X £D d/dP O E BIffE OER P IFCEHT 2R b
W, REFTOHMEXCZOEEIAR(EOEDLI Y LN 5. TOXEER, BeiyT
BREZBICONT, TABDKEHEELERECRTRAERTI2HRARL LY, TOKAD
KBS HAEBROF A INZOEEBBYOEMELS. CORREROLRL —F T2
PDOLBIRENS.

26) L. Pauling, Ref., 19, 305.
27) L. Pauling X L. O. Brockway, Proc. Nat. Acad. Sci., 20, 336 (1934).
28) F. IL. McDougall, /. Am. Chem. Soc., 58, 2585 (1936); W. D. Kumler, iif., 57, 600 (1935).
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Table XIIL
The Changes in the Boiling Points with Small Changes in Pressure of Miscellaneous Substances.
0, .
Substances Formula "B - P °C at Wb CCmm.) I():laqugrie Ref.
760 mm. Hg. Found Calc'd.* Found

Carbondisulfide CS, 46.262 0.0407 0.0403 —0.0004 10
Carbondioxide CO, —78.5 0.016 0.026 0.010 16
Ethylsulfide C,H S 92.1¢C 0.040 0.045 0.005 8
Methylal C.H,0, 42.30 0.040 0.040 0.000 10
Benzaldchyde C.HO 178.3 0.056 0.054 —0.002 16
Oenanthol CH,,0 162.8 0.051 0.051 0.000 8
Nitorobenzene CsHNO, 210.80- 0.048 0.058 0.010 8
Nitromethane CH,4NO, 101.25 0.044 0.046 0.002 8
Nitroethane C.HgNO, 114.9 0.045 0.047 0.002 16
Phenol CeH,O 181.4 0.043 0.054 0.011 16
Water H.O 100 0.0369 0.0460 0.0009 25
Ethylenechlorhydrin C.H,;0Cl1 128.6 0.040 0.049 0.009 10
Allylisosulfocynide C,H NS 152.05 0.050 0.051 0.001 8
Mercury Hg 356.8 0.0754 0.0737 —0.0017 16
Sulfur - S 444.53 0.0820 0.0835 0.0015 16
» > 444.55 0.0908 0.0835 —0.0075 16
Sodium Na 878 0.153 0,131 —0.022 8

* Calculated from equation (1).

g, H 1KLL LAR »DIkaMOhOWED dt/dP ¥4 XIV RiTRT. It
MR T 2R A VBRLEL, KEMGERORPAL LT EOMRREHAL XL RPTS
ERUBLND. BWRZRCHMUIWT &k, Bureau of Standards OBFF£DEA 24501%
BHTEHiZS3OEBRNIDOT, FEOUFLMBCR TRESCHKETDICEATHD
7. & (8) OERIMEEH TR D245, & (16 ORARTREVWLBRAS.

Table XIV.
Summary of Empirical Equations.

Classes of Substances Empiri:::i I;.‘?:.ations Classes of Substances Emp m::; I;',‘;q:.nlions
‘ I . dty/dP (°C/mm.)=
Hydrocarbons dtp/dP (°Cjmm.)= X ol

(C, H compounds) | 0.03454+0.00011t, (1) Ciher 0'03‘f"_’+0'°°°11 v (1)
Paraffins |l Nitrogen compounds 0.03d;—>+0.00011t., (11)

Branched-chains 0.0350+0.00011 1, (10) | Esters 0.03154-0.00011 ¢, (12)

Unbranched-chains | 0.0345+0.000111, (1) [ Ketones 0.0315+0.00011 1, (12)
Halides Acids 0.0295+ 000011 t, (14)

CL Br, 1 0.0345+0.00011t, (1) || Alcohols 0.0250+0.00011 t,, (13)

HXIVEIC, K@ CHERL2taMcET LB EBRsBLHLTEL. 2508
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MREABRASRIE Y AL ThARVH S Lith v, BEICRESEALBL 3 3OT, FiC
BECEEIYLEL LAVESCHBETHTHL 5. thoBio{ba&Hmd dt/dP—Fic 4T
DRUFFHOKEREGEITIEHD 3 O FRGPHEICT & EHAic Bk o7 B
REREORPEMAZEDLE~NL .

-2 #
REOHFBILSMOBHOMME 38t iEs BB FHH T 2B L LT %o
nmE PO 7o,

dt,/dP =0.0345+0.00011 t, (1
=0.0350+0.00011 t, (10)
=0.0325+0.00011 t, (11)
=0.031540.00011 t, 12)
=0.0250++0.00011 t, (13)
=0.0295+0.00011 t, (14)

35 1 12 RO IE mfic iy & FIEMBIRE B SmTEN L85, Xt ik
BRUELHT S HERLAS. MLTRACRILKEOXRESE= - TALIFRERLE
5. 10 R RS REafaoRE MM b FMMED Bitamc EMCER LS. £
NREFESHCATERL FLRE=2F1 By g, FBREATra—~rnic, §
HXRBicEmans.

2EDROBCHT2HEBHRR L MR T O%. RKPoF—YiomMFLA/N R, KELE
MOBETHRELEHRATCHHED bOEITCLERL, MLTXECH T 0 R E

DIREEE bRV L.

ALIBRRCE b TRIBEEDOHHE LIHX 0 LR KRS BBTI2AFETH 2.

wow o kB Rt
K o#E o g kB (W17 1L B 2 AEM)
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EMPIRICAL EQUATIONS FOR CALCULATING THE

CHANGES IN THE BOILING POINTS FOR SMALL

CHANGES IN THE PRESSURE OF SOME OF THE
ORGANIC SUBSTANCES.

By Rvoji NEGISHL

(Abstracts)

With the marked progress made in the researches on synthetic fuels, to separate the
individual components of the product by distillation has become quite desirable and important.
By efficient and close distillation, it is frequently necessary to take into account of the change
in the boiling point with even a small change in ths pressure. The above statement may be
fully appreciated when it is realized that a pressure change of 10 mm.Hg. corresponds to
about 0.5°C which is often as much as the difference between the components to be separated
and which is well within the possibility of separation by distillation.

In the course of our investigations on the separation by distillation of the components of

close boiling points, we have found the empirical equation,
dtp/dP=0.0345+0.00011 t, 1

in which t, is the boiling point in centigrade and P in mm. Hg. quite satisfactory for most of
the hydrocarbons, regardless of their degree of saturation and structure, commonly met with
when the pressdre change is =10 mm. Hg., and even for a change of +50 mm. Hg., it is still
sufficiently satisfactory for practical purposes.

Tt has been found, furthermore, that equation (1) is applicable not only to hydrocarbons
but also to most of the substances which form no (or but slight) hydrogen bonds. For those
substances which tend to form hydrogen bonds, the equations of the same type as equation (1),
however, have been found satisfactory. (see Table XIV in the original paper.)

The difference in the magnitude of the first terms in these equations seems to be associated
with the difference in the strength of the hydrogen-bond forming tendencies by the substances.
The smaller the tendency, the greater is the magnitude of the first term, as may readily be
seen from Table XIV. However equation (14}, for acids, is an exception to the above rule.
An explanation of this exception has been attempted by extending to acids, at their boiling
points, L. Pauling’s explanation of the absence of abnormal values of the heat of fusion and
melting points of alcohols inspite of the fact that these substances form strong hydrogen bonds.
In fact, the large value of the first term in equation (14) indicates, rather, unusually strong

hydrogen-bond forming tendencies of acids.

17 (4

%

. ey e ———— e

- ——Tre




MEBLZDES Vol. 17 (1943)11

104 (B B # r = Vol. XV11

Some support of the fact that the temperature coefficients (the second tefm on the right)
in all these equations are the same has been drawn from the experimental work on dt/dP of
paraffins and alcohols by M. Wojiechowski and on the rates of esterification and saponification
by H. A. Smith and J. P. McReynolds. These equations given in Table XIV may be with-
out a firm theoretical foundation, but they are useful and sufficient for practical purposes,
especially when a high degree of accuracy is not required.

Finally, it may be mentioned that dt/dP of other types of compounds, particularly those
which involve inter- and intramolecular hydiogen bonds should throw some light on the subject
treated briefly and qualitatively in this paper.

The Central Laboratory,
Sowdh Manchwie Railuay Company,
Dairen, Japan. (Nov. 2, 1942)






