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Historical. 

In 1903 von Braun and steooelj showed that th1uram disulph1des 

on treatment w1 th potassiun cyanide were coaverted into the cones­

pond1ng th1uran monosulph1des. They fOUDd that on add1Dg the 

cyanogen ha11des and also potassium cyanide to solutions of th1ursn 

disulph1dee whose general formUla may be written, 

Ra N 0- S- S- ONRa 

" " S 5 

substances of the EIllP1riC8l fOrmul.a ~ ea(N ~)2 were obta1Ded, 

generally w1 th the production of intense yellow colour, an d appear­

ance in the solution of large quanti ties of th1ocyan10 ac1.d. The 

supposition that the new produets obtained were th1uran monoaulphides 

was found to be correct when Von Braun sucoesefUl1l' synthes1zed the 

compounds by making use of the react10n between d1th1ooarbsn1c acid 

salts and th1ocarbam1n chlor1des thus 
,.... - - "<-- -- ----,- --1 

Ra N-O - S;H. H N Rs+ 011
- 0 -N Ra ~ Ra N-C - S - C-N Ra+H 01. N H Ba 

It '- - -.~ -- -.- - --tit, Il n 
s S S 8 

von Braun pomted out the need of an explanation fOr this reaction 

Bince 1 t seems 1ncanprehene1ble that a molecule of potass1un cyan1de 

should be oapable of withdrawing one atom of sulphUl.' from a struot­

ure as rep~esented by the aocepted fOrmulation. 

-0-8-8-0-
11 11 
s s 

I 

1. Ber1chte, 36 2275. -
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He offered no explanation of the meahan1~ of th1 s reaction and 

this question has not been solved smce. 

Theoretical 

The above f8~ts suggested a stm11ar reaotion with the disulph1de· 

derived from the oxidation of etl1y'lxanth1c aoid 

a CaHs-O-O - S H + 0 ~ ~%-O-O - s - s - C - 0 - Cs Hs of- ~ o. 
It ~ Jl 
S S S 

whioh, as may be SeeD, has the sme disulphide structure as the 

th1ursm disUlph1des Cl). The belief that th1s 2'8act1on should pro­

ceed was fUrther strengthen.ed by the fact that ord1nary d1aulphidee 

R-S-S-R, such as d'lphenyl disulphide, benzyl disulph1de, etc •• 

were found to be unattacked by potass1um cym1de even after prolong­

ed heating. It appeared that the oonv~sion of a d1- to a mono­

sulphide by trea1ment w1 th potassium cyanide was made poss1ble cmIy 

through the partioul8l' oonf1guration of these d1aUlph1des. 

Another fact wh1ch indicated the probable production Of mono­

sulphides derived fran ethylxaDth1c acid and possibly fl'om its 

hanologues was that the thiurElIl dieUlph1des and "xanthogen" c11-

sulphides oan both be regarded as derived ~ :formic acid aa may 

be seeD from the follow1ng d1agrfJ'llat1c sohema 

Ha 
ROC-S-S-COR ., 2 Roe - SH ~ [HC-SRI,' U" 1\ II ~ 

S S S s: 
Xanthogen disu1phid.e J 

Ha 
B2 NC-S-S-C~ ~ 2 ~NO-SH 

!{ it 11 
s s S 

Thiuran disulphide 

~ KC - OH fOrm1c 
t\ acid 
o 



FrClIl the above genealogical outline of the two types of' com­

])ounds in question 1 t beoomes apparent that the xanthic acids are 

alkyl-oxy derivatives of the hypothetical d1th1ofor.m1c ac1d aDd 

the d1 th10carbamates are the substituted an1Do derivatives of d1 thio-

fom1c acid. 

Since, as is shown above, these bOdies are in real1 ty very 

closely related, the reaction between the xanthogen disulphides 
cyanide 

and potass1umAW8S regarded as a very probable one and as will 1)'8 

shOw.n later was aotually carried out with a large nunber of the 

homologues of ethyl xanthogen disulphide. 

This success 1ed to the preparation of a nunber of the new 

alkyl-xanthogen monosulphides R 0-0 - S - C.- 0 H, a description 
11 ~ 

of wh1ch this thesis contains. S S 

Of the xanthogen monosulPhideJ obtained up to the t:lme of th1s 

work, the ethyl compound 02 H5 0-0 - S - C - 0 Ca H5 
n 11 
s s 

was the only member of this series known. 
2 

This was obtaiDed by Welds by treating potass1un ethylxanthate 

and ethylchlorca:t'bonate (3 mol. to 2) whereby a ver:r oompl1oated 

reaction ensues aocording to the following equation: 

3 02l1s OOSSK + a 0alls 00001: -7 a 02Hs0tG-¥t00aHs+0z.Hd>000K+ aKO! 

s S 

After some prel1minary work 1 t was found that the proclUot of the re­

aotion of ethylxaathogen disulphide, and potassiun cyanide gave aD 

I. These are also oalled, Bis (th1one carboxYl) sulphide alkyl esters • 
•• 2. Jour. fUr Pract. Chem. (2) 15 45. -
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identioal produot melting at 52.5 - 53c O. (Welde 5SC O). 

T~e reaotion 1n question was alao fbund to go in the case of 
l. 

ethyl carbon sUlph1de , which is prepa:t'ed by treat1ng the potass1un 
2 

sal t of ethyl ~h101carbon1c acid - "Bender·s Salt" - wi th 10dine in 

the ordinary _. 

2 0aR5 00\,. - SK + I~ ~ CaRs OC - S - S - C - 0 CaR5 + 2 KI 
11 11 

000 

on treating 1 t wfth potassiun cyanide this disUlphide 

C2R5 OC - S - c- O~H5 
II (f 
o 0 

was converted smoothly to the corresponding monosu1phide as described 

in the experimental part. 

Of the aromatic or aryl-oxy der1vates of d1th1ofo:mtic acid, the 

only alcohol wh1ch gave promising reeul. ts was benzyl al.oohol. These 

were only investigated 1n a qualitative way and no definite conclus-

10ns can be drawn. As far as can be judged from some prel1m1nary tests 

the indications are that benzylxanthogen disUlphide can be pa-rt1a11y 

deBUlphurized by potassiun cyanide to the corresponding monosulphide. 

It seems of' scme importance in this work to arrive at some in­

terpretation of the mechanism of this reaotion since this d.oes not 

seem to proceed in a straightfOrward manneI' and similar examples 

are not to be found. 

The »reparat1on by the action of oxidizing agents (e.g. 1odine) 

in compounds containing the th101 group - SH alearly points to the 

structure X - S - S - X fOr disulph1des, but 1t is proposed that 

1. ni5uB Ann81en 75 142. 
2. Bender Annalen ~48 137 • -
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the molecnile of' these disu1ph1des exist in two tautomeric fOrms 

·which may be represen ted by 

s s 
11 il 

R-O-O R-O-O 
I I 

A. S :;,- S = S B. 
I -< I 
s R-O-O 
I l\ 

R-O-O S 
11 

S 

and that an equilibrium exists between the A and B f'oms. This 

explains the structure Of the monosulph1des and also the ease with 

wh1ch a- sulphur atom, attached to sulphur ent1rellj may be w1 thdrawn 

from the molecule. This view is supported by Kuster and HeberleiD.'s 
I 

work on the constitution of the polysulph1des of the alkali metals, 

wherein these workers came to the conclusion that these polysulph1des 
2 

have the general formula, ~::: S. Sx ,which Holmberg maintains is 

also the gemerel fOrmUl.at1on of the alkyl polys'Ulph1des. 

AccorcHDg td Holmberg then, ethyld1sulph1de should be wr1 tten 

02H5 - j- ~2H5 end no·t °2115- S - S - 02Hs although these di­

sulphides are prepared by the oxidation of mercaptans. 

The writer bel1eves that the reason wilY such simple alkyl di­

sulphides are not par\1al1y desulphur1zedby potassium cran1de to 

give th1o-ethers is due to the influence of the alkyl grO\@S ( or 

aryl, in the case of aryl d1sulph1dea), and, that if these stl)-

sti tuents are rep1aoed by a residue like e 0 [1 the strength Of 

I. ze1taOhr. f. anorg. Chem. 43 5S. 
2. AnnaleD S59. 81 --



6 

the bond between the two sulphur atoms is weakened to suoh an ex­

tent that potass1um cyanide under those condi tions is capable of 

oxid1z1ng 1 teelf to the thiocyanate. 

As a proof of this 1 t was fOUftd that al. though d.1-benzy1 di­

sulphide is not affected by this reducing agent the corresponding 

tetrasulph1de is reduced completely to the disulphide, the presenoe 

of thiocyanate ions being easily demonstrable in the reaotion mix­

t'lU'e. The reaotion 1n this case, however, differs from the reaction 

in question in that, in the fomer, d1- and also poly-xanthogens 

are reduced to the monosulph1des, wh1le in the latter case reduct­

ion goes only as fal:' as the disulphide stage. 

It may be noted &leo that in the proposed equilibrium the B 

fo~ must predominate to a large extent since the desulphur1zatioD 

takes place 1nstanteously (m th evolution of heat) whereas if the 

equ111b,r1um was the other wgy about 1 t would take an appreciable 

t1lUe for one form to change into the oth~ dUring the reaction. 

It is interesting to note that while th1uram disUlph1des and 

most bis (th1one carboxyl) disulphide alkyl-esters 8l'S colorlesB, 

the1r corresponding mono-su.1phides are all intensely golden yellow, 

indioating that possibly the gro\U>1ng -0 - S - 0- is respons1ble 
II j i 

for the oolour. S S 

S:tm1l8!' groupings such as -C - 0 - 0- found iD the th10 oarbam1D-
I j" ~ 

oxides o( CS. NR2 )1' S S ~d -0 - N - 0- found 
It \l 
S S 

1. B111eter Ber1chte 20 1629. 



I 
in the substituted d1thiobiurels R N (cs NR~)2 invariably give 

yellow compounds. 

Many a1de issues bearing on this problem- have not been worked 

out owing to lack of time, for instanoe (a) the search of other 

types of moleoules whicll. lend themselves to the de sulphur 1 zin g- -action 

of potassiun cyanide; (b) the action of other redUcing ageats; (0 )the 

effeot of more than one molecu1e of potassiun cyanide per molecUle 

of d.1xanthogen. (From the wri tar's experience 1 t seems that some 

complicated side reactions take place sinoo in some ca.ses where 

excess potassium cyanide was added, dark coloured solutions were 

obtained, espec1ally after a lapse of a few hours); and (d) the 
cyanide 

aot1on of one, two, three and more molecules of potass1unAon the 

xanthOgen~ polysu1ph1des whose general formula may be wr1 tten 

ROC-S-COR 
tI n H 
s Sx S 

where X may have a val.ue up to four. 

Of other possible moleouies wh1ch would react with potaseiua. 

ayan1de, 1 t seEllls that benzomercapto thiazol disulphide should un­

doub tedly react because 1 t may readily be seen that the ca:t'bon atoms 

holding the sulphur are attached to n1 troge1ll! as in the thiursn <11-

sulphides and also to sulphur as in both the xanthogens and the 

th1urllll disUlphides. In other words, it is only a cyclic thiurm1 

I. B111eter . Berichte 21 102. 26 1-681 - -
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disulphide as may be seeD from the two following f'O:rmulat1ons:-

N O/j N, N 

1'0- s - / 
)\ \H C - S - C 

H § 
··S/ It ""-S s S S s 

di-phenyl th1u:ram disUlphide b enzo mercapto th1az~1 disulphide 

. llthough the n1 trogen and aulph'ltr' atoms form part of a rag 

system still both these structural influences should lead to a 

positive result. 
I 

Benzoyl d1sulphide seEl11S to be another caDpound whiCh should 

reaot w1 th potassiun cyanide to give benzoy1 monoBUlph1de. 

aC-S-C-o « n 1 KCN 
o S 0 OC-S-CD 

u u 
o 0 + KONS 

other compoUllds wh1ch 1 t is proposed to sub jeot to the action of 

potassiua ayan1de later are:-

( a) D1-thi0 acyl d1sulph1des R C - S - C R and 
" ,: il 
" i. 

S S S 

Cb) the d1sulph1d.es fltom th1ourethanes, e.g. 
C2H5-0- C - S2- 0-0-0 H 

JI If 2 5, 

NC61is N-C6H5 

It is not difficult to confirm by syntheSis the Btruct~e ot 

the mpnosulph1des which have been obta1ned by the action of potass­

ita cyanide on d1sulphides. The synthesis of the biB (th1one carb­

oxyl) sulphide ethyl ester might for exmnple be worked out in an 

-------------------------------------
I. ~gelhardt, Malyschew and Latschinow. ae1 tschr1ft flit. Chem1e 

1868 35'7. 
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analogous w8T to von Braun's method of at'riv1ng at the constitution 
I 

of the thiuram. monOBUlphides, namely by treating potase1un ethyl 

xanthate with the ao1d oh1or1de Of ethyl xanthio aoid in the fOllow­

ing wf!!:/:-
,- - ---I 

CaHsO-Y
1 

- S: K + Cl~C 0 0aH5 ~ C H 0-0 - S - 0-0 02H5+ K Cl. 
____ --1 E 2 5 \l U 

s s s s 

This ao1d chloride, however, is very d1:rf1rult to obta:1_n, and 

involves the use of thio-phosgene for its preparation 1h1ch atpresent 

is procurab~e only in Germany. It was found however that the synth­

esis of the analogous bis (th101 carboxyl) sulphide ethyl eater may 

be very simply aarried out using the oxygen analogue of the acid 

ohlor1de of ethyl xanth1c ac1d nfmely ethyl chlo:rcarbonate 

CaHs-O-~ - Cl. 

o 
The react10n is represented thus -

02H50-0 - ;61+-1:; s - c - 0 OaR5 --7' O-Hso-o - S - 0-0 C-H + l{CL It --.- - -- -- 11 i:r-;\ ~ Z--5 

o 0 0 0 

I II III 

2 
This C01!l>ound(IIIJ was prepared m'any, years ago by V .l{ey~ by 

acting on ethyl cblor carbonate with sod1'l11l disulphide • 
• - - --...... - - -, ,'" - - --- 1 

CaH50-C~Ol+ N~-s-iNa+ 0],.'-0- O-CaH5 ~ 0aH50-C - s - c- 0-02H +KCl 
U ------ \.-------) {f ~ it 5 
o 0 0 0 

I. See page 1. 

2. Bar1chte 2 298. -
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The cOlIllound obtained by either method corresponded entirely with 

the compound obtained by the reduction w1 th potassium cyanide end 

from the s1m11arity in structure between the thiol c8l'bonates 

R-o-O - S K and the xanthates R-O-C - SKit is perm1ssable 
V U 
o s 

to accept the structure of the bis (th1one C82'boxyl) sUlphide 

esters as ~S 
R-O-O~ 

S 
R-o-C/ 

~s 

EXPer:tmeata1 

To test the action of potassiun cyanide on aryl disulphides, 
I 

phenyl disulphide was made as indioated by Hubnar and Alsberg. 

The melt~ point of th1s compound was 61.5°C. 

one molecUle ( 5 grans) of phenyl d.1sulph1de and one nolecul.e 

(1.48 g) of potassiun cyanide were- refluxed with 50 c.c. of alcohol 

for ODe ho'l..1r. That some reaction took place was apparent from the 

odour and eolour of the reaetion product. The colour turned to dark 

redd1sh bro_ and the l1qUid smelt of thiophenol. on diluting with 

water almost all the original d.1sulphide was preoip1 tated. After 

purif1oation it melted at 62°0. 

on repeating the above experiment using two equ1ve1ents of 

potassiun oyan1d~, a reaction sSEI11ed to take place since small 

amounts of an fl1lll1()n1un compound separated in the oondenser- and 

1. Annalen 156 330. -
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thiophenol was present in the solution after acidificat1on. 

From the above experiments 1 t is cODc1uded that under these 

condi t10ns phenyl disulphide is not oonverted to the monosulph1d.e 

by the action of potass1um c.yan1de. 

The action of potassium cyanide was also investigated in the 
I 

case of benzyl disulphide, the resul ts being negative. von Braun 

also reports that benzyl disulphide remains unal tared by boiling 

with the cyanides Of BOd.1tm or potass1un. 

After this prel1m1nary work on the ordinary type of disUlph1des 

it was decided to tnvestigate the aotion Of potassium cyan1de on 

the b1s (th1one oarboxyl) d1sulph1de alkyl esters or ttD1xanthogens· 

as \va have chosen to call these bodies. 

Action of Potass1un Cyanide on Ethyl D1xanthogen. 
2 

Ten graIns of ethyl d.1xanthogED were dissolved in about 100 o.c. 

of alcohol (95%) and 2.69 grams (1 mol.) of potass1um cyanide dis­

solved in the least amount of water and diluted with alcohol, were 

added at once. A deep yellow colou:r was developed 1mmed1ately and 

some d1xanthogen which rEllla:U1ed undissolved 1n the alcohol BOon went 

into solution. This was refluxed for one hour. At the end of this 

period a dark reddish coloured solution was obtained which on dilut-

1ng w1 th water y1elded an 011 which could not be solid1fied. A 

solid product was BOUght since 1 t was expected that the monosulph1d.e 

obtained shoUld have a h1gher melting point than~~Su1Ph1de because 

1. Ber1chte 36 2275 
2. Dessins JiFirsber1cht ubar die Forsohl'1ftte d.er Chem1e 1847/48, 

690. 
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the bis (th1one oarboxyl) sulphide ethyl ester prepared by Welds had 

a mel t1ng po1nt of 54 °C. 

The same e~er~ent was repeated, only the reaot1on was oarried 

out at 50° C for one hour. on adding water to this, a yellow 011 was 

obtained which on keeping so11d1f1ed,but not oompletely, thus in­

dicating that a still lower temperature shouJ.d be ut1lized for the 

reaction. 

Accordingly 5 grans ethyl dixanthogen were treated in the usua1 

way w1 th 1.34 grams of alcohol1c potassium cyan1de. The reaction 

was al.lowed to proceed at room temperature fOr fifteen minutes. 

on isolat1ng the yellow product 1 t was fOUDd to be a very low mel t­

ing substance f!rom wh1ch after several recryatallizat10na from 

alcohol a small quantity of a br1ght yellow solid was obta1Ded having 

a lIte1 t1ng point of 52° o. This must therefore be the bis (th1one 

carboxyl) sulphide ethyl ester. A mixed mel t1ng po1nt w1 th Welde IS 

substance showed no depression. 

It was finally dec1ded to try this reaction 1n the cold. By. 

keeping the temperature between 0° and 5° 0, an89% yield Of crude 

mODosulphide was obtained, this having a mel t1ng point of ab,out 

45°0. (5 g (02HsO 0 S)a8a gave 3.59g<o2B50 0 S)2 S.). on re­

crystallization £rom aqueous alcohol a pure sample of bis (th1one 

oarboxyl) sulphide ethyl ester can be obtained. 

SUlphur det~1nat1oD 

.1754 g. subat. gave .5835 g. Ba S 04 

Percent sulphur. FOmld. 45.75. Calculated fOr (~H5 0 c s~ S 45.72 



Methyl D1xanthogen 
I 

12 

Desa1ns ob tained this oompound as a yellow oil. However by 

freezing a eaall sample of this in a oarbon dioxide-ethel' fl'eezing. 

l1l1xt~e, 1 t began to orystal11ze and on Itseeding·1? a oarefUlly p~1-

:f'1ed sflnple of'methyl dixant'hogen 1 t so11d1f1ed rapidly to an almost 

colourless solid,melting at 2o.fC. On recrystall1z8t1on~~Ohol 
the oompound was obtained as a oolourless mass of crystals mel t1ng 

Bis (th1one oarboxyl) sulphide methyl ester. 

C ,HgO-C - S - 0-0-0 Hg 
11 I! 
s s 

-This was obtaiDed by treating 15 grams of methyl d1xanthogen 

in about '15 0.0. of alcohol w1 th 4.56 grams of potassim cyanide 

in 10 c.c. of water and 10 o.c. of alcohol. The reaction was ca:t--

r1ed out at 100 C for about one hour and on throwing the produot out 

of solution with water an 011 was obtaiDed. This oil after carefUl 

wash1ng was -separated as muoh as possible from water and dried in a 

vacuun' desiccator over sUlphurio acid. The dried product did not 

solid1fY but on "seeding" a 11 ttle w1 th a crystal of ethyl xanthogen 

monosulph1de, <n'ystall1zat1on set in but the whole mass did not 

solid1fY. From the whole reaotion product 2.2 grams of fiDe yellow 

need1ea Wel'e ob,tamed having a mel t1ng point of 5SO o. 

Analysis - .1650 g. SLmst. gave 
Per cent SUlphur Found 49.5. 

.5990 g. Ba 804 , 
Calculated £'Or {OHSOCS )2 8 50.5 

1. Jahrsbericht fUr die forsahr1tte der Chem1e 1847/48. 67~. 
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N-Propyl D1xentUogen 

13 

Noma! propyl potass1um xanthate (150 grams) were treated with 

aqueous 10dine as long as the iodine was absorbed. D'Ul'1ng the re­

action, wh1ch was c~r1ed out with m.echan1oal st1rring, a reddish 

browm 011 separated out. Slight traces of 10dine were removed w1 th 

sodium thiosulphate solution. This 011 was well washed. with water 

to remove potassiun 1odJ4e and the wet oil finally dried in vacuo 

over sulphuric aoid. By~ th1s method (whioh is used for the prepar­

ation of' all d1xanthogens) 100 grams of crude n-propyl 41xanthogen 

was obta:IDed. M attEmPt to obtain a crystalline product by freez­

ing 1n carbon dioxide-ether freezing mixtures failed. It seems 

that the melting po1nt of th1s oompotmd must lie below 5°0. 

Bis (thione carboxyl) sulph1de n-propyl ester 

OHs.OHa.OH20 - C - S - C - 0 -CH2.C~.OH3 
It 1/ 
s s 

To prep~e this substance, 30 grBllB of n-propyl dixanthogen 

were dissolved in about 150 c. o. of 95~ alcohol and 7.26 grams 
r:ryan1de 

pot8Se1un~Jl mol) in water and alcohol, were added with cool1ng 

and mechanical st1rring. The d1xanthogen 1mmedfately lost 1ts dark 

oolour and gave a light yellow solution. After reacting fOr about 

one hour 1 t was diluted w1 th water and isolated in the ordinary W8¥. 

This is a d.8l'k yellow oil, and as the corresponding disulphide 

ooUld not be made to <It'ystall1ze and a distillation under vaouo 

was unsuccessfUl, due to the decomposi tion at about 20 mm. of 

I. sc81a. G8zetta Chtm1ca It. 17 80. -
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m.ercm-y, 1 t being Dtposs1ble to maintain a lower vacnnm. 

Analysis - .~75'1 grams swat. gave .5270 Ba SO, 

Percent SUlphu:r. Found 40.05. Oalculated fOr (03H70 C S )28 40.33 

I 
Iao-PropylD1xanthogen 

CRg " < CHg 
CH-O-C - S - C - O. CH 

CHg/ l[ II 1\ CHg 
s S s 

This substanoe 1a not descr1bed in the literature and its 

preparation may be eerr1ed out in exactly the same Wfq as the other 

d1xanthogens. About 100 grams of potassiun isopropyl xanthate are 

dissolved 1n water. A considerable tEmperature drOp occurs as is 

usual with ve'1!J'. soluble substances. A strong solution of 10dine 

in aqUeous potassitlll. 1~od1de is now gradually added with vigorous 

stirring (mechanical) until a slight excess of iodine is present. 

This excess may be removed by fjUall anomts of the potassium xanthate 

or with dilute sod1un thiosulphate solution. In th1s WfrI' an almost 

theoretioal. yield of the d.1xanthogen is obta1ned as a colourless 

crystalline strbstance. Two rearystal.11zat1ons from alcohol are 

uuffio1ent to give a very pure product melting at 58 - 58.5°C. 

Analysis - .0894 g. substance gave .3072 g. Ba S 04 

Percent SUlphUl' fomd 47.23 CalCUlated for (C3H70 C S)28a 47.45. 

I. This substanc?t may also be oalled 
Bise1s0-propYl oxy)-(th1o fOrmyl>] disulphide. 
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Bis (th1one oarbo~/l) sulphide 1eo propyl ester 

OHg CH 
"CH-O...aC - S - o - O-CH / g 

CH3/ "'.\ 11 "-.C~ 
S S 

This substance was prepared by reacting with 3.63 grams pot­

ass1UD. cyanide 1n water and alcohol on 15 grams of the 180 propyl 

d1xanthogen described above. The reaction is oomplete in a tew 

minutes, a golden yellow mass of crystals separates out which after 

recrystall1zat1on fltom alcohol mal ts at 52 - 54: ~C. 

Analysis: 
.2001 g. stibst. gave .1220 g. H20 and .2932 g. 002 

Oalculated fOr 0aH1402 S 4 

H = 5.88'& 

o = 40.20% 

Found 

It should be po1Dted out that great d1ff1oul ties are encountered 

in attempting to analyse for oarbon and hydrogen by the ordinary 

coDlbust1on method. This is dUe to the large peroentage of sulphur 

in these oompounds. It was found necessary to use al temate sect­

ions of oopper oxide and lead ohl'omate, and to heat V~~ strongly 

(exoept the ~ont of the tube) befo:re cnnoordant results were 

obtained. !he somewhat high value for hydrogen may be attributed 

to the high heat used rendering the lead SUlphate formed unstable 

and decomposing into the 8ulp~ur oxides whioh might have been ab­

sorbed in the sulphuri0 aoid absorption tube. 
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N-Butyl D1xanthogen 

CHg .CHa .CH2. CHa-O-C - s - C - 0 - CHa.CHa.CHa.CHg 
n If .1 
s S s 

This was obta1Ded 1n exactly the same way as the other d.1x-

an thogens. It is a reddish brovm oU wb1ch 1 t was not poss1ble to 

crystallize even after intense cooling. This compound is also not 

desor1bed in the 11 terature. It was found impossible to distil 

these compounds exoept at exceedingly low pressures otherwise de­

compos! t10n takes plaoe, giving mnongst other things the corresPOnd­

ing esters of the xanthic aoid used, that is, in th1s case, n-butyl 

ester of butyl xanthic acid C4Hg O C S S C4Hg would be obtamed. 

ne den si ty was deteImined at 22 0 0 and was found to be 1.158. 

Bis (th1one carboxyl) sul:ph1de n-butyl ester 

04H9 0 - C - S - C - 0 C4H9 
IJ ~ s s 

on treat1Dg one moleoule of tm dixanthogen with one molecule 

of potassiun cyanide in the ordinary way, the dark colour of the 

n-butyl dixanthogen diaa;ppea:rs and a monoxanthogen is obtained in 

good y1eld having a dark yellow colour. As in the previous cases 

th1 s oil did not solid1fY even after keeping for some lItonths and 

de compos 1 t10n ocours on attempting to red.1st11 1 t. The density at 

220 0 is 1.121. 
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1 
Iso Butyl Dixant.hogen 

CHg ~ CRg 
>CH-CH2-0-0 - S - 0 - O-ORa- OH "'-

CRg U 11 l/ eRg 
s s s 

Jlyl1usi.obtamed this oompound by the action of chloriDe 

gas on the oorresponding potass1un 1so-butyl xanthate. It was 

found that ox1d1zing w1 th iodine gives much- more uniform products 

and lessen:s, to a minimum, the chance of side react10ns oocurring. 

Using the iodine method a light yellow oil was obtained whioh oould 

not be crystallized below -100 C. This is in accordance w1 th My11ua' 

observation on th1s body. The density at 22°0 is 1.1'13. 

Bis (th1one carboxyl) sUlphide 1so-butyl eater. 

eRg, 
CH - OH2 .... O-C - S - 0 - 0 - CRa-OH 

CHg./ 11 D 
s s 

This was obta:iDed fl'0IIl the corresPonding d.1xanthogen in the ord.1nary 

wa:y. Th1 s is also a golden yellow 011 unstable to heat even at very 

low pressures. Density at 22°0 is 1.126. 

In the sane manner as described in the forego in., J')agee the 

iso-amyl d1xanthogen and the oorrf)8Ponding b1s (thione carboxyl) 

sulphide iso-amyl ester were prepared.. These did not present any 

marked <Ufferences in behaviour and general properties frOm the 

other hanologes. 

---------.--.---~-.~.~-----------------------

1. My~1us Ber1chte 5 976. -
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The following exper1men tal details oover many of the unsucoess­

f'Ul attsnpts to prepare dixanthogens and the corresponding mono­

sUlphides from them. These include sCIlla of the produots derived 

fl'am cyclic aloohols such as fUrfltryl, cinnamic and benzyl alcohols 

and al.so one dihydr1c alcohol namely ethylene glycol. 

In m&st cases xanthates are obtainable and sometimes even dix­

anthogel1's which are very lmstable render1ng the work very diffioUlt. 

This however does not mean that monoxanthogens are not poss1ble, 

it only being a case ·of proper control of the phys10al oonditions 

of the exper1ments. 

Ethylene glyool was the only polyhydr10 alcohol ohosen for the 

extension Of this work. Since no mono- or di-xanthate had prev1ous-

1y been prepaI'ed 1 t was neoessary to Invest1gate the posa1b111 ty 

of preparing these oompounds. To do th1s, the first reaction which 

ooeurred to us was the preparatIon of the di-xanthate through the 

d1sodiun derivative of the glycol thus 
S 

OH2 0 Ha. CH 0 ~ - S - Na 
I ---acSa ,2 
C~ 0 Ndr CH2 0 0 - S - Na 

" S 

Accordingly the di-sodiun aJ.coholate was made according to the 
1 

method of Forcand. Th1s was suspended in excess ethylene alcohol 

and c~bon diSUlphide added. This metmd after sane exper1ment­

at10n gave no results. 

However, on dissolv1Dg potassium hydroxide in excess bo1l1ng 

ethylene glycol and then adding carbon disUlph1de evidence of a re­

act10n was shown for heat was Boon developed and a light yellow 

r.-C'OIIlptea Renaus t 113 1048. 
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solid separated in a reddish solution. This solid wh10h was pre­

sunably the mono or di-potass1un xanthate reacted with iodine and 

gave an 011 which after standing fOr some clays, solidified. Th1s 

produot however seEins to be a mixture of various products which 

render it very d1ffieu1t to investigate. 

The nearest approach to a def1n1 te compound was made by dissol­

ving the d1-sodium glycollate in alcohol (ethyl) and adding two 

equivalents of carbon disu1phide. After some t:tme ether was added 

and the ye110w oll obtained al.lowed to stand fOr two days when it 

solidified oanp1etely. This solid appeared to be heterogeneous 

under the microscope and it was found that 8 fraction could be ex­

tracted with aoetone. The fraction obta1ned 1s an oil wh1ch also 

solidified on standing. It was found that aqueous solutions of this 

gave a white amorphous preCipitate with zinc chloride so1ut1on~ 

Analysis for zino in this oompo1llld g-ave a value which agreed fairly 
s 

well w1 th the value calculated fol' 11 

o H2- 0-0", 

I S" /zn 
S 

CHa°-O/' 
H 
S 

Analysis - .1859 grams subst. gave .0569 g. znO. 

Peroent zinc Found. 24.6 Oalculated fbr 04H402S4 zn 23.6%. 

This work was not pursued any fUrther owIng to laok of time. 

C1nnam1c alcohol was the next substance to offe~ difficUlt1es 

wh1ch coUld not be overcome :fOr the time being. The first, and as 

a matter Of fact, the only dif'f1culty was in the preparat10n of the 

potasai un sal t of o1nnamyl xan th1c acid. 
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CSHS- CH = CH - CH2 0 C S S K. 

-the 
An attempt to prepare "c1nnamyl , alooholate by dissolving metal-

1 
11e potass1un in the alooholgave no results. Using Forcendts 

method of preparing sodium salts of high boiling alcohols, 

R 0 H -4- C2 H5 0 Na. ~ R 0 Ha -4- CaR5 0 H. 

gave no def1n1 te products and the work was discontinued. 

2 
Nametldn and Kursanoff found that benzyl alcohol gives rise 

to a xanthogen1c acid, the potassiun salt of which is quite stable. 

Accord1Dg]:Y'~ a dixanthogen was attsnpted by adding an aqueous solution 

of iodine (tD potassium iod14e) to a water solution of the potsssiUD 

benzyl xanthate. 

OCH2 0 C - S K 
2 11 

s 
~ OCH20-C - S - C -0 CH2U H n Il -4-2KI 

S S S 

By this procepdure a yellow oU was obtained whioh after strong 

cooling in a cerbon-dioxide-ether mixture began to CllTatal11ze. It 

was fOund, however, that this d1xanthogen 1s not stable at the tem­

perature of boiling alcohol fran whioh 1 t was attempted to crystall­

ize it. By dissolving it in hot aloohol sulphur 1s found to separate 

leaving behind a red heavy 011 Of uncertain oomposit1on. The work 

on this compound was sllSPen.ded due to 1aok of materials. Neverthe­

leas since the dixanthogen is capable of existence (at room tElllPer­

ature) it seElIlS very l1kely that this compound shoUld be capable of 

part1al desUlphurat10n yielding the b1s (th1one oarboxyl) sulphide 

benzyl este~. 

1.100. cit. 
2. Jour. fUl'. pract. Chem1e 112 - 164. 
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It was found that fUrfUrYl alcohol yielded a h1therto tmknown 

xanthogen1c ac1d. This is very easily obtained by adding one mole­

cule of' aqueous potassiun hydrate to a solution of one moleoule of 

carbon disulph1de in one equivalent of fUrftlryl alcohol. 

CH - CH CH - CH 
It 11 + 082 + K 0 H ~ II It 
OH 0 - CH20 H OH C - OH20-O S S K + H20 '" / ~ ./ o 0 

on treating this potaBBiun salt with iodine decomposition occurs 

immediately giving a dark amorphous powder, a very dark red oil and 

an evolution of gas, probably carbon-oxy-s'qlphide. 
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D1xanthogen fram ethyl thiol carbon10 acid. 

02. H50- 0 - S - 0 - O--C2H5 
- U li 

o S 0 

This body was prepared by oxid:1zing potassium ethyl th101 carbon-
1 

ate w1 th, aqueous iodine according to the method described by Debus. 

This is an almost colourless 011 w1 th a very pleasant ethereal odor. 

Analysis 
.1904 g. sUbst. gave .4170 Ba S 04 

Percent s.ulphur Found 31.0 Oalculated for (OaHsO C 0)2 S 30.5. 

'2 
Monoxanthogen £ran -ethyl carbon sulphide 

02H50-C - S - C - O-C2H5 
11 Jl 
o 0 

When one moleoul.e of the dixenthogen - ethyl cat''tion sUlphide -

is dissolved in aloohol and treated with potaseiun cyanide (1 mol. ), 

appreciable heat is developed unless precaution is ta..lcen to cool 

the reaction flask. After about 15 m1nutes the oil was thrown out 

w1 th water, washed well and dried in a d.eB1ocato~. The oil ob ta1ned 

has a s11ght yellow tinge and sne11s not at all unpleasant. 

A sulphur determination gave 17.95 per cen t sUlphur whereas 

that calculated fOr ( CaHsO C 0)2S is 17.98%_ The dens1ty of 

th1s oompound was fOund to be 1.158 at 23°0. 

1. Ann81en 75 142. -
2. Also called ethyl ester Of thi0 diearbon1c acid. 
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Synthesis of ethyl este:r of thto dica:rbonic aoid. 
Ill!! 

About 60 grams of potassium ethyl thiol carbonate are suspended 

in 350 c.c. of ether and 50.5 grams of ethyl ch10r oarbonate added. 

on standing fOr about half an hour su:f'f1c1ent heat is developed to 

cause the ether to boil quietly. It is therefore plaoed under a 

well oooled reflux oondenser. This boiling stopped in about en 

home The reaction mixture was then gently heated (under reflux) 

for two more hoUl.'s after which time al.'1 traces of ethyl ablor oarbon­

ate d1~appe~ed. Th·e separated potass1un ohloride is then filtered 

off and the ether distilled. This procedUre gave 57 g. of a light 

ye11ol' 011 having all the properties of the ethyl thi0 d1carbonate 

prepared by the deeulphur1zat1on of ethyl carbon s'Ulphide. 

Analysis 
.2535 g. sUbst. gave .3320 g. Ba S 04 

Percent, sulphur Found 17.93 Calculated fOr (C2 HS O OO)2 S 17.98 

In aonnection with this synthes1s it is interesting to note that 
1 

Wheeler & Dustin make the statement that they fOund 1 t imposs1ble 

to obtain any stra1ghJrorward reaction between ethyl oblor cm'bonate 

and potass1un xanthate or potass1lD ethyl thiol cat'bonate, but 

always obtamed de compoe 1 tioD products. These exper1lnenters des-

cn-1be the1r eJQ)er1mental work very inadequately e.g. "When 55 grams 

of potassium xanthate and 37 g ethyl chlor ,0000bonate were allowed 

to reaot."..... Evidently these workers used no diluent and hence 

the various decomposition products due to the heat developed. In 

our work the tEmperature never rose above the bo1l1ng point of ether 

1. Am. Chem. Jour. 24 443. -
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and as reoorded above the synthes1s was successfUlly accomplished. 

Action of Potassium Cyanide on Benzyl TetrasUlphide. 

This work was carr1ed out to link up and also to confirm our 

theory of the struoture of the d1xanthogens. As may be remembered 

we postulated the fOllowing conf1guration for these oompounds 

S 
R-O-C~ 

>8 - 8 I 
R-O-C 

'8 

where the sulphur does not exist in a chain so 

/8 
R-O-O 

's 
\ 

/8 
R-O-C '8 

II. 

-Al.so, it was our contention that the reason why aryl or alkyl d1-

sulphides do not lend themselves to partial desulphur1zation by 

potassium oyan1de is due to the influenoe of these groups. If how­

ever polysulph1des are treated 1 t is found that these are de sUlphur-

1zed to the disulphide stage. 

vias prepared 
Benzyl tetrasulph1de,,,by treating sulphur chloride with benzyl 

1 
mercaptan in c~bon tetraahlor1de. This compound is a colourless 

substance very d1ff1oul t to crystallize and mel t1ng at 49°0. 

1. snythe & Foster J. OhElll. SOo. 97 1195. -
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1 
Thomas and Jcmes, from their work on the action of the alkali 

polysulphides on organic hal1des came to the conclusion that tetra­

sulphides such as benzyl tetraauJ.phide are incaPable of existence 

but :tmm.ediately break. down into benzyl disulphide and benzyl penta­

sulphide, according to the equation 

3 R2S4 ~ 2 Ra S5 + R2 S2 

This view that organic tetraSUlph1des are 1ncapable of existence 

does not seem to be well founded sinoe the 8l'rangement of the sulphur 

atoms in sulphur chloride ~C12 may not be the sane as in sodiun 

tetrasul.ph1de N~S4. However the case may be it is certain that 

at least some, if not most of the product, consisted of polysulphid.ea 

When 5 grans of the benzyl tetrasulph1de was treated w1 th 

alcoholic potassitm cyanide (2 mols.), an 1mmed1ate reaction took 

place whereby en intense yellow colour is developed wh1ch grad.ually 

faded, completely. on cooling and diluting the alcohol somewhat) w1 th 

water, beautifUl colourless crystals of benzyl disulphide melting 

at 70.5 to 71°C were obtained in an almost theoret1cal yield. The 

wash waters on addi tion of ferric ions turn an intense blood red 

colour thUB mdicatIng the Oxidation of potassium cyanide to 

potassium thiocyanate. 
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summary • 
1. Potass1un cyanide does not remove sulphur :erom phenyl d1su1ph1de 

or benzYl disulphide. It does, however, remove sulphur from 

benzyl tetrasulph1de, converting the latter into benzyl disulphidet 

CsH5CH2 8
4 

CH
2

CSH5-+VCU -;0- CSH5CH2 82 CH2CSH5 +ZKCN8 

2. Potassium cyanide removES> an atom of sulphur from the alkyl esters 

of th1one-oarboxyl di sul.ph1 des , RO - 0 s- ~-c S - OR, converting 

them into monosulph1des, RO-OS-S-CS-OR. In th1s wfr/ the 

following new monoaulph1des have been prepared:-

OHgO CS S CS OOHg m.p. 55°0 

OgH70 CS S CS OOgH7 (normal ) l1quid 

03~O CS S CS Cg~ (1ao) m.p. 58°- 58.5°C 

C4HgO OS S OS C4 Hg (normal ) m.p. 5ao- 54°0 

C4HaO CS s CS 004Hg (1ao) liquid 

C5liJ.l o CS s CS 0Cs~l (1ao) liquid 

Incident to this work, several new disUlph1dea of the type 

RO CS ~ CS OR, and several new salts (potass1um) of xanthic 

acids were prepared. Several disulph1des were obtained as 

crystall1ne solids which ware previously known only as liquids. 

3. Potass1un cyanide removes an atom of sulphur £'rem the ethyl ester 

of carboxyl disulphide, CaHSO CO S2 CO C2H5 , giving the corres­

pond1ng monosUlph1de,CaHSo CS S CO OOaR5. The lattel' compound 

has also been synthesized by the followmg react1on:-

OaH50-CO SK... Cl CO OC:aH5 ~ CaHsO CO S CO 0CaH5'" KCl 
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4. Inconolus1ve experiments were carried out on the xanthates and 

th1one-carboxyl disulph1des from benzyl alcohol, o1nnamic 

alcohol, fUrfuryl alcohol, ethylene gylcol. 

5. The bearing of the results on the matter of the constitut1on of 

the types of organic d.1- and poly- sULphides in quest10n is 

discussed. 
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sane Aspects of the Behaviour of PUre Caoutchoua 

W1 th Special Referenoe to the Influence of P.rotem. 

(A Prel1m1nm-y) 

Iutro ducti on 

Numerous 1nvestigato~a have worked on the effeot of added 

substances, or even the influence of the naturall.lr occurring 1m­

p1.1"r1 ties in rubber, on the properties both chem1cal and physical 

Of vulcanized caoutChouo. s1nce many theo~1es of the action of 
1 

vulcan1zation accelerators are based upon their 1nteraction with 

the ttres1ns· or "proteins" occ~1ng in the rubber,wh11e other 

theories conoern1ngthe physical struoture of this material postul­

ate a colloidal systsn in which the rubber 1s the disperse phase 
2 

and the proteins and res1ns tom the disPers10n medium., it seem.S 

of some imPortance to investigate the influence of various com­

potmd1ng ingredients, 8apeo1a11y of various accelerators on protein­

and resin- free caoutchouo to ascertain if the reaul ts obtained 

will bear out or disagree w1 th the var10us theories proposed fOr 

rUbber structure and accelerator act1on. 

This brief report cmtaina the prel:tm1nary work done on this 

problem. 

r. C.W.BedfOrd 8: L.B.Sebrell Jour. Indust &: lmg. Chem. M. 1034 & ll,25 
Bedford & H.Gray Jour. Indust. Bc ~g. Chem. 15 720 
H. Feucheter Koll01dchem. Be1hefte 20 78 &---21 171. 
!Lax-t1n Be Davey Jour. Soc. ChElIl. Pld.- 44 31 rf- 320 T. 

2. Hauser India Rubber Journal 68 19. 
Review gen. coll01ds ~ 289. 

68 725 -
H.P.Stevens India Rubber Jo't.liffal 70 1059. -
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Experimental 

The naturall.y occurring 1JDpur1 ties fOund in coagulated rubber 

are (a) oxygen containing compounds commonly known as "resins" 

and Cb) n1 trogen oontaining bOdies referred to as "proteins." 

Before entering into an extensive survey of the influence on vUl.­

can1zat1on of pure caoutchouc of other materials, it was deoided 

to investiga~e the part played by these naturally occurring bodies, 

namely resins and proteins. 

The method adopted for this was to extraot ordinary commercial 

rubber with a solution of 70 Pal'ts acetone and 30 parts petro11c 

ether (by weight) for several days',.. the solut1on be1ng rene\'1ed 

every twenty-four hours. This extraction is continued until no 

residue can be detected in an aliquot portion of the acetone extract. 

In this way all. resinous materials are extracted leav1ng behind the 

proteins emneehed in the rubber. I It was found necessary to extract 

about five or six times befOre resin-free rubber coUld be obtained. 

No direct method for dissolving out the proteins has so far 

been developed, so that 1 t is found necessary to d1 ff'Use the caout­

chouc out and leave the prote1n enmeshed 1n some of the swollen 

rubber which is not in solution. For th1s pttttpose light pretl'ol~um 

ether was used. This was allowed to ranain in contact with the 

rubber for about one month whereby a two per cent solution of rubber 

was obtained. This was ca:refUlly filtered from bits Of und.1sso1ved 

rubber, and then precipitated vd th acetone, well squeezed and dried 

in vacuUlJ; desicoator until all entrapped solvent had escaped. By 

this procedure only 200 grams of protein-free material was obtained 

from about 4 pounds of commeroial pale crepe. This small y1eld, 
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however, was sUfficient for a pre11minary exper:1lnent. 

This rubber is then put through the regular process for con-

verting it into a vulcanized product, namely: 

(a) Mixing 
(b) vulcanizing 
(c) Testing. 

As the machines required for these operations had only newly b~en 

secUl'ed, 1 t was necessary to devote a good deal of time in install­

ing them and developing a satisfactory teohnique. 

The mixing operation is carried out on hot rolls to render the 

rubber BUfficiently plast10 to take up the sulphur and any other 

powders added. The rubber is always allowed to run around the front 

roll, continuously, being cut on the roll by means of a knife end 

folded over from time to time, while the compounding 1ngredients are 

being added. 

All test p1eces 8l'e vulcanized in moUld.a. For this purpose 

rectangularmou1ds were designed each to give two slabs of' rubber 

6" x 2.5" x 0.1". The moUlds consist of' two solid steel plates, 

one being hollowed out to the required depth. These plates are 

B~J)11ed w1 th bol ta and a hook. In all the experiments to be des­

t'U'1bed, vUlcanization was carried out at 115 0 0 ua:lng a sPecially 

constructed paraffin oil bath. The moulds m-e suspended from the 

hooka BUJ>1'11ed end sub jected to the heat treatment fOr defin1 te 

time 1ntervals, after wh1ch they are rapidly w1 thdravm and :Immersed 

1n cold water. 

The rubber slabs obtained from the moulds after VUloanization 

are then cut 1nto rings or straight teat pieces, depending on the 
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ob'ject of the experiment. These r:lngs are out by the Schopper 

Cutting Press constructed speoially for this purpose. Three eircula:r 

knives are provided. A disc is first out from the rubber slab by 

means of the largest knife which is 56.9 mms. in difJl1etel'. The 

second largest knife is now substituted and the rubber disc cut by 

means of the largest knife is plaoed 1n a die into whioh 1 t fi ts 

exactly, th1s die being fixed by meane of screws 1nto holes on the 

metal table beneath, so that it is oonoentrio w1 th resPeot to the 

cutting knives. This lali~ cuts a dllaller disc and a ring from the 

large disc; this ring being irregular on 1 ts outer edge is discarded. 

The smaller disc, cut by the second mite, is then placed in a st1ll 

smaller die ~to wh1ah 1t f1 ts exaet1y and the smallest knife is 

substituted and another ring cut as before. This is the ring used 

fOr all tests. The differenoe in dianetel' between the two smallest 

knives is 8 mms., so that the crOBS sectional 8l'ea of OUI' test pieoe 

1a 4X2.54 = 10.16 sq. nuns. (approx.). 

These rings 8l'e then stretched UDt11 they break on the SGhopper 

Rubber Testing Maohine. The stretching of the rubber is done by 

meaDS of 8 p1ston driven by hydraulio pressure. The load is 9l>p1.1ed 

by means of a weighted lever moving against an a1.'O gradUated in 

k11ogralls. The load lever whioh moves against the graduated tll'C 1s 

arrested automatically when the test p1eoe breaks. 

The elongation is measured by dete:rm1n1ng the distance between 

the two rollers over which the rubber ring to be tested fits. The 

lower roller is attached to the p1ston and by means of a catch which 

is released automatically when the sanple breaks 1 t carries the 
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extension scale with it. The upper roller is f1xed to the load 

lever and oarries a vernier. By means of an autographic arrangement 

consisting of a drUm attached to the machine and conneoted by means 

of various pulleys and strings to the load lever and a pen conneoted 

to the extension piston, the stress and strain throughout a test 

is recorded as a oontinuous ourve. 

In this preliminary work it was proposed to make comparative 

tests on 
( a) ordinary rubber (as a con trol) 
(b) resin-fl'ee rubber 
( 0) res1n-£ree rubber plus 01e10 acid. 
(d) protein-fl'ee rubber plus 01e1c acid. 

The object of adding 01e10 acid is that it takes the place 

Of the extraoted resins since 1 t was found that the resins oonsist 
1 

largely of fatty acids. 

A. commercial Pal.e Crepe. 

The mix consisted of 100 g. rubber 
5 g. sulphur 
5 g. zino oxide (Nkadox") 

·5 g. zinc pentamethylened1th1ocarbamate. 

This was VUloanized at 115°C fOr 10, 30 and 40 minutes. Curves #1 

show very plainly the ourves obtained with a progressive CUl'e. It 

is apparent that al. though the strength of the vuloan1zate does not 

increase w1 th the dtntat10n of heating 1 t nevertheless becomes much 

tougher. 

1. G. S. Wh1 tby Trane. Inet1 tut10n Rubber Ind..!. 12. 1925. 
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B. Res1n-Free Rubber 

Th1s mix was made in the following way: 

100 g. Rubber (res1n-free) 
5 g. SUlphur 
5 g. zinc oxide ("kadOx tt ) 

·5 g. Zino pentsnethylened1thiooarbamate. 

The rubber used was that wh1ch was extracted five O~ six t~es 

with acetone and petro11c ether. After VUlcanization at 115°0 for 

20, 30 and 40 minutes, Curves /: 2 were obtained.. These ou:rves in­

dicate at once tremendous ohanges in tens1le properties the removal 

of a;pproxjJItately two peroent of resins may make. 

o. Resin-Free Rubber plus Ol81c Aoid. 

If, as in the above experiment, the removal of r~s1ns decreased 

the strength and increased the 1Dtens1 ty of the rubber by so great 

an extent, then the addi t10n of 01e10 ao1d (or other fatty ao1d such 

as palmet10 or stearic) might be expeoted to bring the stress-strain 

curve back to 1 ts original posi tion (as in ourves /: 1 ) • This was 

actually f01.md to be the case when 

100 g. res1n-:eree rubber were compounded w1 th, 
5 g. sulphur, 
5 g. zinc oxide ("kadox"), 

·5 g. zinc pentametllY'lenedith1ocarbamate, 
1.5 g. 01e10 acid. 

Curves /: 3 g1ve the stress-strain diagrams fOr 20, 30' and 40 

minute cures at 115°0, whilst Ourves :I 4 show the 30 minute cures 

Of all previous diagrams and also of aurves :I 5 on one sheet. It 

shoUld be noticed (Ourves I 4) how close the stress strain curve 

of resin fttee rubber approaches the curve of the or1g1nal control 

sample when oleic ac1d is added to make up fOr the deficienoy of 
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resin. The 20 minute oure, however, is not as far advanoed as the 

corresPonding oontrol. 

D. Protein-Free Rubber (and res1n-free) plus 01e10 Ac1d. 

Since it was shown that on adding 01e1c aoid to acetone ex-

tracted rubber the pos1 t10n of the stress-strain ourve 1s brought 

b aok to normal., i t now seemed justif1able in testing for the effeot 

of proteins to add 01e1c acid since the material used contained no 

resins. 

Accordingly a mix was prepared having the following oomposi t1on: 

100 g. Rubber (protein-free) 
5 g. Zinc oxide (ttkadoxtt) 
5 g. SUlphur 

.5 g. Zinc pentamethylenedi th100arbamate 
1.5 g. 01e10 acid. 

Th1s was vuloanized as usual for 20, 30 and 40 minutes at 115°0. 

Curves # 5 show graphically the l1fe history of teat pieces, 

cured for various lengths of time, on the tension machine. It is 

8J)P82'el'tt from the curves that proteins play a large part in deter­

mining the ul tjJnate tensile properties of 8 sfSIlple of rUbber. I-t 

should, however, be pointed out that due to the method of preparat­

ion of this rubber - that 1s by diffUsion - one is not justified 1n 

assumIng that they 8l'e dealing w1 th eesen t1ally the S8Ile rubber as 

before the petro110 ether trea1ment. It 1s quite poss1ble - though 

this point will be further 1nvestIgated - that a selective diffUsion 

oomtrs and that the material represents only certain polymerized 

molecules of caoutohouo. 
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sunm.arz. 

1. Prel~1n~f expertments show olearly that the fatty ac1ds 

present in resin of Hevea rubber play an 1mportant part in the 

vulcanizat10n of rubber, at all events when a catalyst such as 

z1nc pentamethy1ened1th1oca:t'bamate is used. 

2. Preliminary expsrmenta indioate that caoutchouc that has been 

freed from the "protein" that naturally acoornpan1es it is 

ce,pable of yielding only a very muoh weaker vulcan1zate than 

ordinary rubber. 
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