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Abstract The extended Hiickel calculations on five organic accelerators of vulcanization have 
been carried out. Various MO quantities e. g., electron populations and AO coe伍cients, are used 
to explain accelerator reactivity of the compounds. Results of these analyses lead us to support free 
radical mechanism of acceleration in vulcanization.

요약 : 5 종의 유기 가황촉진제에 대하여 EHT법을 적용하였다. 전자밀도, 원자궤도함수의 계수 등 

을 이용하여 각 화합물의 촉진 반응을 검토하였으며 결과로 유기 가황촉진 반응은 타듸칼 반응 임 

을 입증하였다.

Introduction …Cf-fKH or S)

……S2

The principal or흥anic accelerators of vulcanic 
zation today are dithiocarbamates and thiuram 
sulfides, thiazoles and their derivatives, arylsubs- 
titued guanidines, and aldehyde-amine conden
sation products. The most popular and common 
accelerators are the first two classes of compounds 
and structurally they are interrelated; they have 
interesting common structural features of the 
following type, (numbring is for DDC and 
MTZ)

The effectiveness of these compounds as acce
lerators seem to depend particulary on N~C~S 
type of linkage, S being linked to either H or 
another S atoms of the next indentical unit, 2 
It is this aspect of basic common structure 
that has drawn our attention and prompted us 
to investigate theoretically as to electronic cha- 
racteristies of accelerator activity, hopefully ex
tending to the elucidation of acceleration mech-
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anism.
The compounds investigated in this work were 

basic types of dithiocarbamates and thiazoles, 
namely; (numbering schemes are shown for 
nonhydrogen atoms and for hydrogen number
ings are differentiated by circling numbers) 

is one of the more important factors to be 
taken into consideration. at the outset, especial
ly when only semiquatitative results are requ
ired.

In the EHT method the melecular orbitals are 
expressed as a linear combination of the Slator 
type atomic orbitals (AO)為，

(I ) Dimeth\4dithiocarbamic Acid (DDC)

H3C5x /SlH⑦
-------

HSC/ 标 2

(H ) 2-Mercaptothiazoline (MTZ)

....................................................I —1

which is in turn given as,

0=N产t exp (rrZ') .......(2)
I Ci一S3-------

h2c6. /
、&

(皿)2-Mercaptobenzothiazole (MBT) 

陽

(V) 2-Mercaptobenzoxazole (MBO)

(V) 2-Oxybenzothiazole (OBT)

建

DDC represents the class of compounds, di
thiocarbamates and thiuram sulfides, and MTZ 
has been chosen to see the effect of ring forma
tion of saturated carbon linkage. Finally com
pounds (JU) to (V) were selected in order to 
investigate the effect of 0 atom in place of S 
atom.

In view of computational simplicity and suc
cesses in studies of various sturctural characteris
tics3 and reactivities4 of molecules with the ex
tended Hiickel theory (EHT)5, we have used 
this method throughout in this work. In the 
approximate sigma MO method dealing with 
large molecules, the computational simplicity

where Z is the orbital exponent for the AOs 
and other terms have their usual significances6.

Table I The Slator Exponents, Z, and Valence 
State Ionization Potential, —I

(a) E. Clementi and D. L. Raimondi, J. Chen.
Phys., 38, 2686 (1963)

AO Z(Q —3

His 1. 00 13. 60
C2s 1. 59 21. 01

2p 1.59 11.27
N2s 1. 92 26.92

2p 1. 92 14.42
O2s 2. 24 36.07

2p 2. 24 18. 53
S3s 1. 98 20.08

3p 1. 98 13 32

(b) J. Hinze and H. H. Jaffe, J. Am. Chem.
Soc., 84, 540(1962)

The summation in (1) is over all valence or
bitals used in constructing the molecular orbital 
(MO), namely the Is orbital for hydrogen, 2s, 
2px, 2py, and 2pz orbitals for the second row 
elements, and 3s, 3A, Spy, and 3pz orbitals 
for the third row elements. In solving the usual 
secular equation(3) in this method the coulomb
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Table II. Cartesian Coordinates for 2-mercapt- 
otliiazoline

X Y Z

G 0.0 0.0 0.0
S2 -0. 8750 -L 5155 0.0
S3 1. 6000 0.0 0.0
N -0. 6450 1.1172 0.0
C5 -1. 8394 0. 5675 0.4508
C6 一2. 2132 -0. 4924 -0. 5752
H】 -2. 5987 1. 3471 0. 5116
h2 -1. 6890 0.1298 1. 4377
h3 -2. 1434 -0. 0694 -1. 5773
h4 -3. 2336 -0. 8302 -0. 3942
h5 1. 9215 1. 2895 0.0

integrals Ha are chosen as the negative of valen
ce state ionization potential (VSIP) and

S [Hij—ESij'} Cii=O,顶=L 2,.......忻(3)> "1

for estimating the o任-diagonal matrix elemen
ts Hij the Wolfsberg-Helmholtz approximation7
(4) is used.

H財舟岛......................(4)

The values of K has been chosen as 1. 75 in 
accordance withe earlier works.345

Calculations

The computer input data consisted of the or
bital exponents Z, valence state ionization poten
tial and accurate coordinate of atoms. The Z 
and VSIP values are summarized in Table I.

The geometry of molecule was determined by
using interatomic distances and valence angles 
obtained from Tables of Interatomic Distances 
and Configuration in Molecules and Ions, edited 
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by L. E. Sutton, Special Publitions No. 11 and 
18, The Chemical Society London. Precise 
atomic coordinates of various atoms in molecules 
were calculated by another program. 8 An exam
ple of the input coordinates is given in Table 
II for 2-mercaptothiazoline. The Mulliken, 
population analysis 9 has been carried out and 
the following MO quantities have been calcula
ted.

The partial AO population of AO r\

W)=2S ...................... (5)i t

The atom population of atom A;

M=*N(r) .....................................(6)

The valence-inactive atom population of atom

pA=t S2(C92 .............................(7)
r i

The atom bond population between the atoms. 
A and B;

..................⑻r t i

where Ct is the coefficient of AO r in the- 
i-th MO and 习 signifies the summation over 
all the AO's of atom A. The calculation on 
free radical was not possible with EHT since 
this method can not account for open shell. 
We have therefore varied the distances between 
the mercapto S and H atoms untill completely 
one electron is transfered to the H atom and 
■Msh스。This state closely approximates free 
radical and the S—H distance for this state for 
DDC was found to be 1.9040A.
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Results and Discassion

Energetics The total electronic energies E 
•and energies for the highest occupied (HO) and 
the lowest unoccupied (LU) levels of molecules, 
£, are summarized in Table IIL

In this ta비e 厶8 is the difference in energy 
between HO and LU orbitals and AE is the 
energy difference between radical (or anion) 
and the corresponding neutral molecule. The 
total electronic energies indicate that stabilities 

are in the order molecule  ̂radical>anion. Th
ere is a definite trend of decrease of energy 
gap between HO and LU for radicals while the 
gaps are relatively large for molecules and an
ions for MTZ and DDC. This is seen to be 
caused mahily by the energy lowering of LU 
levels in radicals. This is in good accord with 
the fact that radicals are the most reactive spe 
cies. 10 The JE values clearly indicate that 
free radical formations are favored over anion 
formations for both MTZ and DDC. Actually

Table III Energetics

E(ev) K（纣） Ae(ev) JE(kcal/mol)

DDC -605. 926 一 10. 680 -5.900 4. 780
DDC—R® 一604. 060 一 8. 559 -7. 904 0.655 43-048
DDC—A(« 603. 566 —8. 325 -6.382 1. 943 54. 434
MTZ —593. 916 -11. 881 一 7.394 4.487
MTZ—RS -591. 557 -11. 936 -9. 504 2. 433 54. 425
MTZ—A 앵) 一 587. 554 -11.934 一 7. 393 4. 541 146. 773
MBT 一 862.126 -9.827 一8. 098 1. 729
MBO -924. 490 — 12. 085 -8.109 3. 976
OBT 一920. 593 -12. 024 一 8. 021 4. 002

the energy of free radical formation is less 
than the bond energy of the S—H bond, which 
is〜85 kcal. 11 For compounds with benzene 
ring Jo increases in the order MBT〈MBO<〔 

OBT, which is interesting^7 the reverse order 
of accelerating ability.2

Population Analysis The atom and atom-bond 
populations for DDC are given in Fig, 1. The 
notable features are high electron population of 
the mercapto hydrogen, and G, S2, S3) and 
N4 atoms. The latter four atoms constitute basic 
skeleton of accelerators studied in this work. 
Excess electrons on these atoms are located on 
their 冗 orbitals. These excess elctrons are dona
ted by the two methyl groups and are nearly 
evenly distributed on atoms in the basic sk이e- 
ton. The extra electron in anion evenly distri

buted over this skeleton.
Figure 2 shows the result of popultion anal

ysis for MBT, MBO and OBT. Oxygen atoms 
in the latter two compounds have high electron 
population compared with S atoms replaced. 
This causes the increase of ionic bond character 
of O atom with neighboring atoms. One out
standing feature of OBT, however, is the much 
lower atom population of H5 compared with H 
atoms of corresponding position of other com
pounds. This is of course due to large electro
negativity of O atom which attracts excess 
electrons and thereby weakening covalent bond 
character to its neighbors. The formal charge 
on H of OH group in OBT is + 0. 6475 which 
is comparable to that o£ formic acid. According 
to EHT calculation 12 H atom of OH group in
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—H 
T.1157

1.어)4技

6.4434
the acceleration process rather than anion.

For the compounds with benzene ring, the

Fig. 1 Population analysis for DDC, (a) M이ec니e, 
(b) Anion, (c)Radical.

■formic acid has a formal charge of+0.621. 
Thus OH hydrogen is highly acidic compared 
with SH hydrogen of MBT and MBO which 
were found to have formal charges of+0.1800, 
magnitude comparable to that of methyl hydro- 
.gens. It would be much easier then for OBT 
to form anion than to form free radical since 
it would require extensive redistribution of elec
trons for the homolytic scission of OH bond. 
This relative uneasiness of free radical forma
tion due to the strong ionic character of OH 
bond may well be the reason for inactiveness 
of OBT as an acceleratior 2 and provide support
ing evidence that free radical is involved in 

electron population is highest on C6 atom among 
the ring carbons. An electron donating substi
tuent on this carbon will therefore have maxi- 
imum effect of electron donation and will result 
in maximum release of electrons to the reaction 
center of side chains. The reaction center is 
on the side chain, and high electron density on 
this group will facilitae homolytic scission and 
hence facilitate free radical formation. It has 
been found that an electron donating group on 
C€ enhances accelerating ability while the same 
substituent on other positions has little or no 
enhancing effect.13 This is another piece of 
evidence in support of free radical mechanism 
of acceleration since high electron density on 
mercapto hydrogen will retard ionization and 
decrease accelerating ability if the reaction 
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proceeded by ionic mechanism.
Reactivities Reactivities based on energetics 

and popula-tion analysis have already been 
discussed above. The conclusion drawn from 
these was that the reactive form of accelerators 
is the free radical rather than the anion. If 
this conclusion is a valid one the easiness of 
free radical formation is an important factor 
determing accelerator reactivity.

Some insights into reactivities may be obta
ined by considering AO coe伍cients of HO and 
LU levels 14. These are summarized in Table 
y for the relevant AO's. In all cases SH or 
OH bond has antibonding character in the LU 
orbital. The antibonding nature of this orbital is 
the strongest for DDC and MBT, and the we
akest for OBT. These correspond to their reac
tivities. 2 If the initiation involve attack of

Table JI AO Coefficients

AO HO LU

DDC H7 s -0. 0807 0. 0204
S3 s 0.1210 -0- 0257

Px -0.1002 0. 0742
Pv 0. 6248 0. 0856
PZ 0. 1775 -0. 6220

MBT H5 s 0. 0083 0. 0284
Sio s 0- 0046 -0. 0376

Px 0. 0675 -0.1451
그 0. 0190 -0.1353

-0.1307 -0.1461
MBO H5 s 0. 0101 0. 0153

Sio s 0. 0232 -0.0904
Ph 0. 3116 -0.2414
Py 0.1830 -0. 2029-
흐# 0. 3013 0. 1783

OBT H5 s 0. 0034 0. 0147
Old S -0. 0074 0.0314
Px -0. 0110 -0. 0812
p> ■— 0038 -0. 0638
Px 0. 0539 -0. 0577

MTZ H5 s 0.1206 0.1445
S3 s 一 0.1602 -0. 2571

Px 一0, 0505 -0. 2344
Py 0. 2865 0. 5422

0. 4164 0. 0323

accelerator by an electron rich reagent such as 
nucleophile or radical, the antibonding nature 
of the LU orbital can be a measure of easiness 

of bond breaking. On the other hand the homo
lytic scission of SH bond will be facilitated by 
large valence inactive atom population of atoms 
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S andH. The l/2pn values for the compounds 
studied are given in Table V. The notable 
differences of this value for OBT from others

Tabled Vafence-Inactive Atom Population

Molecule 加
DDC 0. 4764
MTZ 0. 4779
MBT 0. 4774
MBO 0. 4620
OBT 0.1673
DDC—R 0. 9919

are readily seen. The least value of l/2pn is con
sistent with the fact that it is the least reactive 
compound. The near unity value for DDC ra
dical is not unexpected because H atom here has 
one electron without bonding to any atom. 
Other values of l/2pa are nearly the same except 
for MBO which has slightly smaller value. Here 
again agreement with the experimental findings 
are very good.

The limited evidence available from these 
studies tends to favor free radical mechanism of 
acceleration of vulcanization. Specifically the 
initiation of acceleration involves free radical 
formation by a homolytic scission of mercapto 
group. In this step the open chain biradical 
form of sulfur, -5s-, may act as an attacking 
group which abstract hydrogen from the mer
capto group.

RSH 4* ■ Sg, —*RS * + • SgH .............. (9)

RS - 4-S8—>RS8S - ^=±various-----
polysulfides,..................

2RS - =RSSR................................. (11)

2,SgH—수HzS+S+S .............. (12)

RS“R +쯩S8一 RS„+mR .............. (13)

According to the results of 놔le present work, 
reaction (9) is the rate determining in the ini
tiation. Various polysulfides formed in (10) 
reversibly form polysulfide radical since polysul
fide linkage is easily broken homolytically. Th
ese polysulfide radicals attack polymer chains 
of rubber and add various polysulfide cross 
links.
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The Separation and Analysis of Babbitt Metal 
by the Cation Exchange Chromatographic Method

Sun Tae Kim, Kee Won Cha and Kee Chae Pak
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Abstract The cation exchange chromatographic method for the analysis of Babbitt metal has been 
studied. The quantitative separation of the mixture of Sb, Cu, Pb, and Sn ions has been obtained 
by elution, through 5cm column of resin, Rexyn 101 (Na form, 100〜200 mesh), using 0.1 Af NaCl 
solution for Sb, pH 4.5 and pH 7 solution of 0. 01 M Na-Citrate+0.1 M NaNO3 for Cu and 
Pb, and 2NHC1 solution for Sn as eluent.

서 론

Babbitt 금속에는 일반적으로 두 가지가 있다. 

즉, Sn을 주성분으로 하고 Sb, Cu, Pb가 들어 

있는 것과, Pb를 주성분으로 하고 Sb, Cu, Sn 
이 들어 있는 것이 있다. 이 두 종류의 Babbitt 
금속을 분석함에 있어서 주성분을 정량하는 데는
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