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Closure, Resonance, Bond and Activation Entropy.

Kiyoteru OT02zAI, Sanshiro KuMi and Shouzow FUKUSHIMA,

Abstraet

Taking note of chemical bonds a new empirical rule for the computation of
entropies of gaseous molecules has been proposed, whereby the relations between
entropies and molecular constitution heve been discussed. New quantiteis Closure
entropy, Resonance entropy, and Bond entropy have been introduced and used for the

discussions, Activation entropies and frequency factors of chemical reactions have been

calculated with the use of the rule.
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1) O.Sackur, Ann, Physik,, 36, 958 (1911);

G. N, Lewis, Phys, Rev,, 18, 121 (1921).
2y E. D. Eastman, J. Am. Chem. Soc., 45, 80 (1923).
(3) G. S. Parks and H, M Huffman, “The Free Enecgies of Some Organic Compounds” ‘The Chemical
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m=n—1 ’ ®)
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m=n n— 1 ...... ] (9)

Td %o U(X+ Y/e) g &k aEe(X+ Y)/t’”‘ EED, INBERTOMACDOWTHEAT

Catalog (.ompan\ Inc,, New York, 1932,

4) J. G. M, Bremner and G. D. Thomas, Trans, Faraday Soc. 43, 779 (1947),
53 R. P, Wenner, Chem, Eng, Progress, 45, 194 (1949),

6> N, I, Kobozev, Zhur Fiz, Khim, 22, 1002 (1948,
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MXFEOSHEIETRBIESBTHE D ~ 07 v OB ST 54T AHEETH 0T, #x
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BHICHK B,

HETAT-EARCEWTZOZE 3 1H, MbAOHEAMEL, 2er=1Tdohb,

§°=9643/2 + RInX (0
&k b, Sackur-Lewis ostic—F3 %,

CEEST-EHRCEWCE =2, m=1, N=1, B=0, m=0, f =0 Cd 29 b))k LT

MxXx Y,
§°=2643/2+ Rln (XY) +0.Un (X+Y)—0.Tx {9—15.7+1.940.55}
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THHLLE)RBEOME LY,

§°=2648/2 « RInll (X)+ 0.7nIl (X+Y) ~0.75§ —1?”£+1 oo

=8748/2« RIII (X)+0.1Undl (X+Y)~0.751.95 )
LB
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§2=3743/2 « RInIl (X) +0.Tn TI(X+Y)—1.33m )
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§°=387T42.98x3/n124+0.7x {81413 4 20n%4} —1.83 x 10
=87422.2418.8-13.3=64.7 (e. u.)
e LCEIMER .S e u. TH B,

B B o 8 B

FC L DHT-= v F o - O EEL ENEE BT 2L 81 20m Ch b, o oiC

%1% A B A o @& B CHAATIE e u s * ENERGIAD
L] " . Seate. Sovs. a
H Hydrogen atom 26.0 25.7 0.3
Cl Chlorine atom 36,7 36,9 -0,2
Be Bromine atom 39.1 38.8 0.3
I Todine atom 40,6 40.2 0.4
He Helium atom 30.2 29.2 1.0
A Argon atom 37.0 36.4 0.6
Cd Cadmium atom ' 40,2 40.0 0.2
Hg Mercury atom 41,9 41.5 0.4
Ca Calcium atom 37.1 36.7 0.4
K Potassium atom 37.0 36.6 0.4
Li Lithium atom 31.8 31.5 0.3
P Phosphorus atom 36.3 36.0 0.3
Rb Rubidium atom 39.3 39.0 0.3
S Sulphur atom 36.4 36.0 0.4
Cs Caesium atom 40.7 40.3 0.4
Na Sodium atom 35.4 35.1 0.3
Zn Zinc atom 38.5 38.2 0.3
He ~-Hydrogen 29.5 31.2 -1.7
¥ Fluorine 49,1 48.1 0.5
C1, Chlorine 53.2 53.3 -0.1
Brs Bromine 58.7 59.1 -0,4
I lodine 61,9 61.8 0.1
HCL Hydrogen chloride 42,2 43.3 -1.1
HBr Hydrogen bromide 45,2 47.0 -1.8
HI Hydrogen iodide ‘ 47.0 47,5 -0.5
TICl Talium chloride 59.3 59.1 0.2
TIBr Taliom bromide 61.9 61,7 0.7
T Talium iodide 63.5 63.6 -0.1
AgCl Silver chloride 57.3 56.5 0.8
NaCt Sodium chloride 51.9 52.9 -1.0
KCi Potassium chioride 53.5 55,2 -1.7
H:0 Water 4.4 45.1 -0.7
H.S Hydrogen sulphide 47.4 48.2 -0.8
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NH;

PH;

PCls
PBr;

CH;,
CoH;s
CeH,Ci
CH.C! - CH.CI
(CHz)eS
CH:OH
CeoH OH
CH:SH
C-HsSH
CH;NH:
(CH:;)NH
CHsF
CH:Cl
CH;Br
CH:I
CH:Cly
CH:Bro
CHCIs
CHBxy;
PCY;
CH;CHO
CH:0CH3;
CH:CN
(CHz3)2S2
NoHi
CH:;NHNH,
Cy;Hs
n-CiH1o
n~CsHye
n-CoHyy
n-CrHye
n-CgHis
n-CoHao
n-CioHge
n-Ci1He:
n-CpoHas
n-CixHg:
n-CyiHig
n-CysHag
n-CrsHas

TR, 9%, HEeXURE=Y b ¥ -

Ammonia
Phosphine

Phosphorus trichloride

Phosphorus tribromide

Methane
Ethane
Ethy! chloride

1 2-dicbloroethane

Dimethyl sulphide
Methanol
Ethanol

Methyl mercaptane

Ethyl mercaptane
Methyl amine
Dimethyl amine
Methy!l fluoride
Methy! chloride
Methyl bromide
Methyl iodide
Dichloromethane
Dibromomethane
Chloroform

Bromoform

Phosphorus penta-chioride

A cetaldehyde
Dimethyl ether
Methyl cyanide
2, 3-Dithicbutane
Hydrazine

Methy! hydrazine
Propane
n-Bulane
n-Pentane
n-Hexane
n-Heptane
n-Octane
n-Nonane
n-Decane
n-Undecane
n-Dodecane
n-Tridecane
n-Tetradecane
n-Pentadecane

n-Hexadecane

- 58 .

70.1
57.8
64.8
54.4
55.4
58.4
60.2
64.4
70.1
71.7
80.1
84.9
63.8
65.0
59.5
80.9

«
~
S

lo1,
110.
119,
129,
138,
147,
156,
165,
175.
184,
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S
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o

=
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Cw = W

64,
70,

80,
57,
66,
64,

w = ;o o

83,

92,
101,
110.8
120.0
129, 2
138.4
147.6
156,7
1657
1751
184, 3

[ I ]

-0.6
-0.9

0.3

0.1
0.4
0.6
0.2
“1-4 .
-0.7

01

-0.1
-0.2
-0.5
0.1
-0.4
0.1
-0.6
-0.3
-0.7
-0-3
-0.7
0.9
1.0
0,6
0.6
-0.6
1.3
0.4
0,4

0.2
-0.3
-0.3
-0.3
<0,2
-0,2
-0°2
-0.2
-0,2
-0,2
-0 1
-0.1
-0,1
-0.1



n-Cy7His
n-CysHis
n-CioHso
n-CyoHye
CsHypo
C;Hpe
C(CHz)4
SICCHz)4
CsHu

4

4
CiHis
4
”
”
4
"
”
”
v
”

”

n-Heptadecane

n-Octadecane

n-Nonadecane

n-Eicosane

2-Methyl propane (Isobutane)
2-Methyl butane (Isopentane)
2. 2-Dimethy] propane (Neopentane)
Silicon tetramethyl

2-Methyl pentane

3-Methyl pentane

2, 2-Dimethy| butane

2, 3-Dimethy! butane
2-Methyl hexane

3-Methy! hexane

3-Ethyl pentane

2 Q-Dimeth}vl pentane

2, 3-Dimethyl pentane

2, 4-Dimethy] pentane

3, 3-Dimethyl pentane

2 2, 3-Trimethyl butane
2-Methyl heptane

3-Methyl heptane

4-Methyl heptane

3-Ethyl hexane

2, 2-Dimethyl hexane

2 3-Dimethyl hexane

2,' 4-Dimethy! hexane

2, 5-Dimethyl hexane

" 3, 3-Dimethyl hexane

3, 4-Dimethyl hexane-

2-Methyl-3-ethy] pentane
3-Methyl-3-ethyl pentane
2,2, 3-Trimethvl pentane’

. 2,2, 4-Trimethyl pentane

2, 3, 3-Trimethy) pentane

2, 3, 4-Trimethyl pentane
2,2, 3, 3-Tetramethyl butane
Ethene (Ethylenc)

Propene (Propylene)
1-Butene

2-Butene (cis and trans)

2-Methyl-2-propene

1-Pentene

1101,

193.4
202.6
211.6
221.0

72.0

<o
N
o

94,
92
109,
109,
109,
109,
101,
105,
105.
105.

)
S o R N S e 00

f=3

105,
105,
101,
100.0
100.0
100.0
103.8
94.6
52.7
63-6
73.1
73.1

(o R = T~ - A o R R )

71.5
82.3

193.5
202,7
211.8
221.0

71.3
82.0

85.
90.
90,

87
99.
101,
98
93
99
94

92,
108,
110,
108,
109.
103,
106.
106,
104.
104,
104.
105,
103.
101,
101.
103.
103.

9.

52

63

73.

71.4
(mean)
70.2

83.1.
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RAEN, 408, BEeXUCE-y tr Y~

CsHy,y 2-Pentene (cis and trans) 82.3 82.3 0

(mean)
” 2-Methyl-1-butene 80.7 81,7 -1.0
" 3-Methvl-1-butene 80.7 79,7 1.0
” 2-Methyl-2-butene 80.7 80.9 -0.2
CoHig 1-Hexene 91,5 92.3 -0.8
W 2. Hexene (cis and trans) 91.5 91.9 -9.4
(mean)
CoH, Ethyne (Acetylene) 48.8 48.8 0.8
CoHy Propyne (Methyl acetylene) 59.3 59.3 0
CyHg 1-Butyne 68.5 69,5 -1.0
” 2-Butyne 68.5 67.7 0.8
C;Hs 1-Pentyne 77.7 79.1 -1.4
” 2-pentyne 77.7 79,3 1.6
" 2-Methyl-1-butyne 76 °2 76.2 0
" 1, 4-Pentadiene 81,2 79.7 1.5
CsHyo Trimethylethylene . 80.8 79.7 1.1
Qg Oxygen 48,0 48,0 0
Se Sulphur 52,6 53.5 -0.9
No Nitrogen 47.0 45,6 1.4
Pe Phosphorus 52,4 52,2 0,2
PN ' Phosphorus nitride 49.8 50.4 -0.6

S & RBERGEE D BETIEMCE AN b D (Bx > b rem) b, JUZSE2EH
BISEME 7> B HEET I MCHE 2 N2 b O (FEI= > t o m) HTHOT, HH TR HESHE
HARWBNTE D, BE TR A v EERBBI AN T WD, TOBREIMEC L D B0,
[T 5 BB SR ORI & F L7l B E 2T, — eS0T +lew, B
Cht 2o u (LOBEND B b OEE BIL Do LBE—x BUOFHEE IC—tE e

BRI ) AR OGS0 Bl + 20 u. DIFOBELLT, 2711280 +1e.u. I
TOBRELCTE CHAT o ALIEABRACE TR DS 0 B # th, A2 d—1,
cis—trans, O—m—p HEOBIAOHOER L ERL TWE L, TN EDL ZbOBELER
KBV OTRESAKCRT + 2e.u. 25 5RUO—BIBEEC A DO TLE 5HTH 5o
WAMLTEHRD 2 LCoWTH, RUTRETFEE LCReERrTEY A 1LS FaET B Y
BT D, ®7eEEE L ENCHET 2MELREE LebOTh 1D, MLITEED M
E—EEBL T DY TH B, e CHBORNLETERLIBACE O AN TEEOR
FELYHCCTAUDVEIT 5 EDPEOVTREAENRZEVOTESBRITLTCTOWE v,
—P& UTCTHEKED: ek 5L, D, OFFEY 2 L U THAIKC X 2EHEEE §°=34.1c.u.
LEBOCKL, EAMER §°=38.7c.u. THEL HEL T\ 5,

7> “Selected Values of Properties of Hydrocarbons,” Natl, Bureau of Standard; E. B. Wilson, TR,,
Chem, Rev,, 27, 17(1940); Landolt-Bornstein; Chem, Abst; “Annual Review of Physical Chemistry”
1 (1950), Annual Reviews, Inc,, Stanford, California; S, Kaneko, “Thermodynamics,” Tokyo, 1941,
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¢%ﬁikﬁ%ﬂ%%%#%®b%&%%KdﬁﬁéhkmoULéCOﬁ@ﬂﬁkuf
TP R E— BT RELOMOBERL BRT DL E 5 EY & 5,

T rPoOr—nnREIKTF

SFEY P e - OXAENAIC X BEMEME L DV BNTH DR, COEMME “xb
BY—OREET? LML LCT 5, COREETFREERCE DL 0B HRCE S ],
DECKPILTHRIRT B 2 & 23 isk B, BIF Y “BERT Y o —" BEY 9Bz b a
LY TR

2R BEWR = v b v v ~ (Eifiiit e, n,)
iz H BAK  Seate. Sovs. iﬁ% ?:: ?—4
CsHe Cyclopropane 3 64.6 56.8 7.8
Oy Ozone 3 62.8 57.0 5.8
C.H40 Ethylene oxide 3 64.7 57.9 6.8
CsHyo Cyclopentane 5 83.3 70,7 12.6
CeHys Cyclohexane 6 92.2 71.3 20.9
CrHyg Methyl cyclohexane 6 99 .8 82.1 17.7
CsHyg Ethyl cyclohexane 6 1090 91.5 17.5
CsHyq 1, 1-Dimethyl cyclohexane 6 103.6 - 87.2 16.4
CgHys Dimethyl  cyclohexanes Cexcluding 1, 1) 6  107.4 88.8 18.8
. (mean)
CroHye Decahydronaphthalene (trans) 6.6 129.4 89.4 40.0

BRER= Y b o ¥~ OBAPIZEH 2 EOWE LOTHOT, 3 ABTFL Teu., bAR
TP ldeu., CARTEHBeu, 1O L OTHL, F7uo~%F ikl s 6 BBER
TY bee—209cu BHHEE, “Fru~FY 0B AEERICIZI Y Y —0 S

9
@3 20e.u.CHB” &7 5 Bremmer-Thomas O FT-RELBLORERE L —HT 20T

%o
w3 *x W= v b w ¥~ (Bl e u.)
' o o 08
7| =4 Seate. Sons. Ty PE—

CH:NQq Nltromethane 73.2 65.7 3.9
CHz: CHCI Vinyl chloride 65.0 61.1 3.9
CH;COOH Acetic acid 73.2 69.4 3.8
HCOOH Formic acid 64.0 60.0 4.0
CyH, 1, 3-Butadiene ' 72.0 66.6 5.4
C-Hs 1 3-Pentadiene (trans) (Piperylene trans) 81,2 76.4 4.8

” 2-Methyl-1, 3-butadiene (Isoprene) 79.6 75.4 4.4

SF Sulphur hexafluovide 83.9 69.4 14.5
CFy Carbon tetrafluoride 68.5 62.4 6.1

— 6 —



TR, LR, HERUCEE=v be ¥ -

CCly Carbon tetrachloride ] 76.9 74.2 . 2.7
CBry Carbon tetrabromide 88.5 85,6 29
SiFy S'licon tetcafluoride 72,3 67,4 4.4
BF: Boron trifluoride 64,4 61.2 3.2
PFs Phosphorus trifluoride 68.6 64,1 4.5
AgFs Avrsenic trifleoride 72,8 69.1 3.7
CFyCH;y 1,1, 1-Trif'woro-ethane 75.8 66.9 8.9
CCl:CHs 1,1, 1-Trichloro-ethane 82.3 77.0 5.3
CH:NC Methyl isocyanide 61.0 58.8 2.2
CLPO Trieblotophosphoxide 84.3 77.6 6.7
ClsPS Trichlorophosphosulphide 86.6 79.3 7.3
(CH:):CO Acetone 73.2 10.1 3.1
COClg Phosgene 72.9 69,1 3.8
SO Sulphur trioxide 75.0 61.2 13.8
SQOs Sulphur dioxide 64,5 59.4 5.1
COq Carbon dio- de 60,9 50,2 10.7
CO Carbon monoxide 47.0 45,6 1.4

Mz v b ow - OERFIZEBES KON Th D, N BOWED % ¢ it Pauling 1€
FOTx AAF ~RFETHESROE» B, FHEFEFMEENOKETHESED DL FHHEIANTY
DEOTH Do AEHROIHEME §Ccale ZHBx 20X ~ OHEOLE & RO REWFEF ML
ARBECOWTHFAC L VA EL 2L OTH bo HMICAENEFIESHE & T Pauling i
VWHFHHBEOR b R WBRICEAR, BaETS(Emh BHhOoBSE THOT, LFL LEER
EHTRLEEET 5DL0TRE V. HI3FH—BLREOHBT Y t o — e L. u.
To 20 bFUOHEOHICADTLE S LOEN, HEYROP L2 ENEIE BDLbD
?::mALk%@?%EO:ﬁ%ﬁ??@#%wiDlvrnE~H%&EﬁTLhm:&
b b bg

W= ]

ANF=2~rH~T - AS§
TH20b, KB I 25TOREIRAHBE 21 ¥ -~ AH OB THFLORF £ 45T, &
KEbEINCHEBET Y For— ASE ML THEHELT 2L F~ AFLLCHRFD = LA
ER2LVvo ARV P o~ DUEBEMARCREF AYHlCE OT KW CYDOTHEDE,
AH=33keal, AS=10Teu. CHorhb

AF=%3,000—208x10.7

=383,000— 3,189 = 29,811 (cal.)
ERY, R AEHBC LD x> 5w~ T 83,000 cal. 3ig 4 LC BT B2, %
ORY =Y P e—2A L T3,189 cal. LRLFEICH Y, %FIEH T 74 % — T 29,811 cal. -

8> L. Pauling, “The Nature of Chemical Bonds” Coronell Univ, Press, New York, 1940,
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BEALT B EF ORIk B0 AL ENb—RCRHEB LY F v~ kK eu. © K 3C

HY, TN CHE T 705~ 13 WiHE 10keal. DA R TH B0, ST0 JLIEIC L B4%

FALC LT HEx > b o v~ DERIBEEGITRER D A& {hvs
BEALHBYRECIZEFETOMAL LTREARCRT L HEEILSMND 5,

o4 % Bl =y e - 23l ay e ¥ - ORI (Bifg e u.)
. N EEB&:L: PP~
% L= Seate. Sons. B rorer-
CeHe Benzene 89.4 64,3 25.1
-- Alkyl benzenes -- -- 19.3
(mean)
CsHg Styene 105, 4 82.5 22,9
CoHyo Methyl styrenes -- -- 21,7
(mean)

T OBESOR %ﬁT%ﬁiﬁz/ruz—a#%x/buz—&@ﬁféé&Tmm,Aé

ERz vy b ~2 L THF2ue~FP 0200 eu ¥Y|ALT, X OBz o

-,

‘ 95.1-20.9=4.2 (e.u.)

EhRY, Tk ““rEYREFAERBHRC LDy te v ~0EARNten THB &
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