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Studies of the Cracking Reactivity of Organic
Sulfur Compounds (Part 1)

-—Thermal Cracking Reactivity of Aliphatic Mercaptans
in the Absence of Catalyst—

Masatoshi Sucioka and Kazuo AOMURA
(Received October 30, 1973)

Abstract

The thermal cracking reactivity of various aliphatic mercaptans in a helium stream was

investigated with a pulse reactor.

The order of the thermal cracking reactivity was as follows:

C,H;SH < n-C;H,SH < #-C,HySH < is0-C3H,SH < sec-C,H,SH

A linear relationship was observed between the logarithms of the apparent first order
rate constants of this reaction of aliphatic mercaptans and the bond dissociation energy of c-s
bond in mercaptan molecules as shown in the following equation,

log k=c,— ¢y D(c—3$)[2.303 R'T

where [ and Cy are constants.

From this result, it was concluded that the thermal cracking reactivity of aliphatic

mercaptans depend on the bond strength of the ¢—s bond in mercaptan molecule.
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Table 1 Thermal cracking reactivity of aliphatic mercaptans

at various temperatures

log £ (min™") Ea Ay %1078
Reactant |- i _
400°C } 500°C 600°C (Kealmol) (min=)
EM —0.933 —-0.030 0.647 r)l 3 ; 9.70

n-PM —0.788 0.097 0.802 214 14.20

1s0-PM —().480 0.312 0.940 19.1 5.25

n-BM —0.664 0.176 0.806 19.6 6.11
sec-BM —0.321 0.462 1.059 18.7 5.63
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Table 2 Relationship between the Taft ¢% of alkyl
group adjacent to SH group and the bond
dissociation energy D(c-s) of ¢—s bond in

mercaptan molecules %
Alkyl group % D{c-$)%,¢ D(c-s)eale g ur
R Taft o (Kealjmol) | (KealfmoD) 3| o
Me 0 74.2 742 E o
Et —0.100 73.4 72.6 o
n-Pr —0.115 72.1 72.4 11 \ : i
iso-Pr —0.200 70.6 71.1
#n-Bu —0.130 unknown 72.2
sec-Bu —0.210 unknown 70.9 1.0k
tert-Bu —0.320 69.4 69.2
18
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0.4 -03 -0z -0 0 0.1 and log % or Ea in the thermal
Taft n*

cracking of aliphatic merca-

Fig. 3 Relationship between the Taft ¢* of alkyl ptans

group adjacent to SH group and the bond
dissociation energy D(c-s) of c-s bond in
mercaptan molecules
SHEKAC T, IBEA v T 5550 Die—s) LEBGMREIGD Bod Db tk{b=
FF— Ea LM LI EHBRIPEL TS 2 & o7,
IO L XD, EEA AN T 2 VROBGMRIEETEE LT A AN T 2 v ipfdd c—s i
BORHE= L F - DRPMNIL > THERHENRTEZ LB L7,
45 logk & D(c—s) ORMICERBEMHINKILT D LOFEHMLERIR
— R B S R RIS DIE AL = 2 v — R R B A O L F — SOl B o &S
EFESANT R I N T ABDY, F2C, GIFlEA V5 7 2 v OB RIS B TL, BRI
Dfﬁ'léuto:*w%‘— E & c—s #EH0Mg= 51 ¥~ Dic—s) X ORICIRROERBI R
HERINCHN T2 EEZTIVWTHA D,
E=aD(c—s)+8 (12)
ZITC, o BUIXERTH D,
—77, BOMICOEEER b OME logk 37 v=y ADKLD
log k=log A,— E/2.303RT (13)



7 HERFACE Y O SRS B+ 5 TF5E Cro 1) 193

TFEbIN D,
(12) K& (13) KA+ 5 &,
log k=1log Ay— {aD(c—s)+ B}/2.303RT
=C,—C,D(c—5)/2.303RT (14)
Ergh, (4) SESERMmC L o b (1) Rie—%T5, 22T, G G WERTH %,
LichioC, BIFIEA A 7 2 VIO BGRIIEHIE T E LTAA D P& VT hd c—s &
FAOMITEREEIN TS Efipfl Uiz 44 TOFEREE FERMC L YR b oThr FE L bR
%)o

5. & &

WG 4 v 29 7 2 O B RS BT 2 e 2 (7 e L, D E DA &7,

1. EM, n-PM, n-BM, iso-PM 35 X 0% sec-BM D& IGIE D RIRIED BH & & Lok«

WCHEFT L7eas, tert-BM 85513 2 43 L DAL C 2 B 81T L7,

2. BOGEGED B o —YGlEER O 7 vy A7 e v b X b, EM, #n-PM, n-BM, iso-PM,
LU sec-BM D BT oG b= 2 o~ 118 20 Kcal/mol {12 ® FIFLE DAE 5 Bt s,
tert-BM #4118y 60 Keal/mol ThH D, DAL H 72 v D 3{ETH - o

TDOZELY, tert:BM LD A H T 2 v ETRESRIZICOBMS R B L0 LEZ BR

o T7chbt, C.J. Thompson HO{GEEAH, tert-BM TILIAFIST, oAb FavT
Gi'!‘nJE/& H,S §l& 8 & JUS TR MMETT% EE 2 bl
3. Al o—PEEER O logk 26, GIEE A 12 72 IO RS
EM < 7-PM < 2-BM < iso-PM < sec-BM
DMHTH > foo Elz, THHOMRIGK A A7 7 % VOB RO FLo i DGR L= 5 b — 138

IR SOEPEA NG < 78 % /N E T B A AR Lico

4. JBIFIE AN H 7 & DOBSRED BT O ER O logk LA hFxvipT o
c—5 FEG Oz 2 ¥ — Die—s) & ORICXERPAGEIRY Lice 2OZEnD Hh‘ 1 e A
NH TR OB TR L LTAA D T E VAT RO c—s Fia0mIic k- THR &R
T D Z ERP BT 5o

51 B X B

1) RIEE - puy Pk - RIS s R AT, 5T, 191 (1970).

2) Nelson, W. L.: “Petroleum Refinery Engineering.” 4th edition, McGraw-Hill, New York (1958) p. 650.
3) Bassett, D. W. and H. W. Habgood : J. Phys. Chem., 64, 769 (1960).

4) Thompson, C. J., R. A. Mayer, J. S. Ball: J. Amer. Chem. Soc., 74, 3284, 3287 (1952).

5) Franklin, J. L. and H. E. Lumpkin: J. Amer. Chem. Soc., 74, 1023 (1952).

6) Jack Hine 3 (FHadlll, RIMEWIGR), “ HELFOMER 7 AL3% (1968) p. 261

7) N. N. Semenov 4, “{bsGa (1), & /)3, '["ALLW(/\JHJ'\', HEWEHIE 1963), p. 211

8) S/ W LIS ORI (L) FRA (1970), p. 11L




