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UNITED STATES OF AMERICA
GENERAL SERVICES ADMINISTRATION

DATE: April 5, 1973 National Archives and Records Service
Washington, DC 20408

b ey
CIMUAL STRVCY
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UBJECT: Restrictions on reports of Dr; W. E. Cotten based on research

carried out under programs of the Office of Rubber Reserve

Ms. Peggie Zisele

Main Library
Interlibrary Loan Office
University of Cincinnati
Cincinnati, Ohio 45221

Limitation on access to these reports were apparently of two

types, the "Restricted" category of security-classification under
national security restrictions, and administrative restrictions placed
on the data by the Office of Rubber Reserve itself, The data

in the Master's Thesis was placed under both types of restrictions,
while access to the data in the Doctoral Dissertation was
controlled only by the administrative restrictions placed on them
by the Office of Rubber Reserve. We have found evidence to show
that the Office of Rubber Reserve removed the "Restricted"
security-classification from research reports prepared under its
programs in 1945, and this would account for the PhD Dissertation's
not bearing the 'Restricted" security-classified tag, since it

was prepared in 1946,

A more authoritative declassification than the possible agency
removal of the security-classification was provided by Executive
 Order 10501 of 1953, which deleted the "Restricted' category
from the security-classification system. Under this Executive
Order, Vederal agencies were instructed to either declassify
all materials that had been classified 'Restricted” or upgrade
their classification to "Confidential" if such upgrading was
thought necessary and could be justified. We have found no
evidence that the Master's thesis, "Diazo-Thio-Ethers as
Modifier-Catalysts in Emulsion Polymerizations,” was upgraded
under the provisions of Executive Order 10501, and it can, there-
fore be considered as declassified. You may take this letter as
"authority to release the repdrt from the security restrictions.

T The General Setvices Administration, which inherited functions and
’ records of the Office of Rubber Reserve, and the National Archives,

as custodian of the extant records of the Office of Rubber Reserve, -
and as an administrative unit of the General Services Administration,
have authority to remove administrative restrictions on records of
the Office of Rubber Reserve. Neither GSA nor the National Archives
see any necessity to continue any restrictions on the two reports,
"Diazo-Thio-Ethers as Modifiers-Catalysts in Emulsion Polymeriza-
tions," and, "Solution-Decomposition and Polymerization-Initiator
Activity of Diazo-Thio-Ethers." You may, therefore also take
this letter as authority to release the two reports from the

Keep Freedom in Your Future With U.S. Savings Bonds
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administrative restrictions placed on them by the Office of Rubber
Reserve.

I would suggest that you take this action by noting on the

pages of the reports which contain the references to the
restrictions, that the restrictions had been removed and including
in the notation a citation to this letter as the removal authority.
You could also draw a line through each line of the sentence on the
"Acknowledgement" page of the M.A. thesis that reads, 'Note: The
information herein reported is the property of the Rubber Reserve
Company and is classified as 'restricted. As such it may not be
disclosed to any unauthorized person,"

Or, if you prefer, you can mail the reports to us for declassification.

Sincerely,

Sl fm%
|JOSEPH HOWERTON
/Assistant Chief for Reference

Industrial and Social Branch
Civil Archives Division
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ﬂthe usa of diazo-thio-ethers, B-H-K~S~R' 8
1hifand‘modifiera in emulsion polymerization Iaa reparted in

,June; 1944l Initiators are naually dafina

]and'thna modifying the molecular-teight of the 1

‘Study of the structure of tha cOpolymer of butadiene |

.andxstyrene 1ndicates 1t to bo &8 mixtura of alto natd
1(un1ta consiating of ons or several styrene mole:*

‘j ed by 1,4~ and 1, 2- addition to ‘one or several bnt diene

:ﬁ»i”fmolecules, long chaina boing formed in this manner. From D
:atudy of the kinetics and general characteriatics of this
-reaction 1t 13 well-established that the fonmation of rub- -

ber:,' or h...sh laaalu"’aa...ght paa.j‘aai‘-s is tne resu.l.n of &

‘ ?-cha1n reaction._ Chain reactions are generally defined as
:those wharein the activation of a single molecule may

cause a series of successiva reactiona to take place, until'

1. Reynolds w; B,. Diaso—thio-ether°‘a= Cats 1 8t ,
Modifiers. Rubber Reserve Co. technlcal report 3 §-4oa
?rom University of Cincinnati June,‘lsié.
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 7;;a large nnnber of molecules haa been tranaformed._ Bueh re-f

5aotionc may bo catalyzed by a wide variaty of aubstances, .

Taeoording to christiansen and Erampraz Such an,activated

iocule mny ba a molecule of tha menumer-mixture'a tivat- S

fﬁr anbstance antirely, nhieh has acquired 1ts anergy“by

'means of aome othsr maehaniam, 01 g.,_through someJraaction‘L ?
whieh leavea 1t with 8 high energy-aontent and ca“sﬂquvnt
‘high raactivity. e ;»5-wm :

i atandard practice has been to uae a combination of a.marcap-'

ffdnco free radicals of the’ type !S- by roaction 'ith.the mer-

gtcaptan.\ Thoao free radicals than aarve as the activatod

Jf:_centors mentioned bofore, raacting tith nonomar moleculea

‘! to prodnce chaina, as follovag | | .

- MSe + Ph-CHSCH, = ph»gn-cnasm el

-5f¥i Phpcﬁ-cnasn + cngacﬂ-cnacng = PhPGH(GBgS“)OHgGE*GHOHQ
~}F1nally, the chaina are tenminated by reaction with unattack—
'tved msrcaptan, the modification process being poatulated as
x'followa' |

RGH, + MSH. = ROH, + S-

RN 2. christiansen and Kramers: J. Chem. Soc.'126 (2),
' 28 (1924) v
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A”through collision rithr~and oonaeauent absorptian of ancr-lW“

ﬁgy from~~another molocule, pr 1t may be a molacule of anoth-‘ '   :

”__In amnlsion palymarizatioa of styrana and buhadiane,,i'; 'f"

“Qtan and,an oxidizing ag@nt tha oxidant functioning to pro- “j 



'57jﬁore free radicala are thna produced 'hich 1n tﬂPﬂ;HBF PrOP‘ r

‘agato new chains nntil the aupply ot monomer 13 usod up., }

'In"the standard fanmula use is made of a water-aolublo cx~':'

31333533-

An emulsifying agent SF-flakes,r

-Ehe ;onus of reaction at low oanrarsicna 18 theﬁghtﬁtovba‘
,heamicalla, thich ia an aggregato, complicated 1n Atruc-f‘
ftﬁre, of moleculaa of the emulaifier, and which sarves to]e
1}diasolve small but signifioant amounta of the monomera inf
‘5che aqueoua phaso, After growth of tha chains, they ara
'ﬁfé?*terminated by reaction with unattackad mercaptan, which

'i{:thus acts aa tha modifier. For bulk-pglymerizations,'as

L Opposed to thoae taking place in an amuleion, oilwsoluble”
v::-'¢icatalyata must be. used. PEREREEY BTN ,"
5 : Certain disadyantages inherent to the standard persul-
'fate~mercaptan combinaticn have become apparent in work on
llsynthetic rubber. The persulfate enters into nndesirable
‘side-raactions, and the mercaptan 18 conaumed ont of all

v proportion to~iﬁa xunct;on as part of - the promoter system

.....

Reproduced Wlth perm|55|on of the copynght owner. Further reproduct|0n prohlblted Wlthout perm|53|on



iafactory reaction rates.l,

‘Diazo-thio«ebhers 1n emulsion polymerizations.hnve been
the subject of a good deal of investigation sinceulg44 |

T“'.rl.:'sinae they appear to possess appreci&bl" °°mme“°1al 318”“’ .

ieance.y In explaining their-function as polymerizTiion ,
3z1nitiatora it haa been aasumad that an aromatic_fr,ﬂ,fiai’ ; :
%fcal and a mereaptan frea radical are products of the ther-f;f
-9¢¢a1 decomposition. IR | . o |
- “", R-n;n-s-a" = R°_ H's~ + Ns |

| 'ﬂ ?{1f this hypothesis is correct than chain-initiation ‘and m°d“

”fification may both he explained by several possibilities,
-3to be taken up 1ater. : '

a;s@oaxgan;ékcxeaoﬁﬁn"

A numbar of diazo-thio-ethers are described 1n the liter- .

ature though no reference to their«use as polymerization

Reproduced with permission of the copyright owner. Further reproduction prohibited Without.befmission‘.



,i:oatalysta or. modifiers before 1944 could be found.iw:“ 

*“3  g1th xgs. Ha obtained an explosiva a.l that did‘net provs '

ftﬁ ba thiaphenol hence tha ¢nvasﬁigg.ion vas not" 

vﬂ;rurther. This 1s similar 0. tho work of Klason‘uin 1887. :f.”'

'“f3 Graebo ana Iann5;;in 1882 were looking for a _n#§n~;  r

_,ocomposition or tha reaulting compound 1n water;
‘5jltained diphengl sulfids and diphenyl uisulfide'" ko e:
:“;;fiment was reneated using toluidine and alpha-fand beta—7»

vﬂg[ter casss were not. identifiad. | S
o m 1884, Stadlere made and idontiried ﬁhe ‘first dlezo-
'“*,gthio-eﬁher in en attampt to find a methiod for 1dant1fiea-.ﬂf 

?ﬁ,ticn of marcaptans. He hOped to be able to form the azo-_j_

‘ﬁ:“;thiol derivatives by analogy with aza-hsdroxy compaunds.
i ;f}He reacted diazotized sulfanilic acid in tha cold Iith
 . ethy1 mercaptan, in the presence of caustic. Existence ofv
v”the nitrogen-aulfur bond was provad by analysis of tha ro-
sulting compound the sodium aalt for sodiwm,~ By ahowing.'
':‘only onse aodium atom present per molecule, the atructure

,Haoas—csﬁﬁ-ﬂ-ﬁ-s~cgna, instead of K805$~K=N'GQH‘-SNE, was

3. P. Griess: ,Ann. 137,-74'(1856)

4., P. Kleson: Ber. 20, 349 (1887)

5. Graebe and iliann: 'Ebr. 15, 1683 (1882)
6. . Stadler: Ber. 17, 2095-§I (1884) '

Re‘producéd with permissibn of the copyright owner. Further reproduction prohibited without permission.

_In 1866, Griasas 1n an attempt to make thiaphenol by

'i:Leuckart's reaction, traated benzene diazonium ehloride s

7ient;method of ayntheaia for'diphenyl aulfide.l The ;treat-*’ '

sahbenzene ﬁiazonlum.saax wztn,nas or ammonium :ulfiﬂe. Onﬂ "7 °

iafAnaphthylumines, hut the decomposition products in the lat—, f{°3:'



o (6) | -af'-‘i..-'f S

‘in ethar aolntion by heattng. Phanyl«ethyl““ﬁuu"_ o
- thyl disulfids uere 1dentified fren the:dacompoaition ::-

Efproﬁucta. ;d,fﬂi~ifﬁ}5'*f*

,az‘tiied sulfanilic acid 1n cold, atrongly alkalin isolu-jn'

~;1n'tne rorm of the sodlum. aalt.. The aalution. ‘ he'salf © ¢

:fuas acidified and heated.. Hitrogen 'aa produco bé?id}ﬁ o

;gthio-a-napnthol and the aodium aalu af phenolj'ulfonic,~’”‘{:
t‘rf; In 1890, Ziesleraprepared several snlfidoe, all frqm.
J°**;fitniophenolo, Be was *ntgrasted in. develaping a- me%hod for
5fjtayntheais of substituted mixed sulfides, by decomposition

~fﬁjod slowly to an alkaline solntion of thiophenol?' ;60-70°G."‘

' In this manner he succeeded in making aulfides f&om’thio»

 #?fpbenol and the rolloving aromatic aminea.‘ aniline, p-tolu-"
"fidine, alpha- and beta-napnthylamines, p-aminoacetanilide, o

'.: "and anthranilic aoid.- Since the diazo~thio-ethers formad .
-lwere decumposed immediately by the temperature of coupling,
:'only the thio-ethers, or sulfides, were reported.'

Graebe and Schultaaag in. 1891 ‘made thioxanthone by

‘7. Leuckart: .J. Prekt. Chem. @) ai, 220 (1889)
8. Zlegler: Ber. 23, 2469-72 (1893] |
9. Graebe and Schqubss' Ann. 263 1-15 (1891)
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7?3ahown to be prererable¢ He also praparad the di&ao-thio-i ¢”;

éffether frcm aniline and ethyl mere&ptan, and dac_mposed itﬁg;{ f '

‘f,LenckartV n 1889, treatad thio-z-naphthol withidi- fﬁ <

'tion.L He believed his product to be the azo- 1ic mﬁqngq; .

‘ “7:of the diazo-thio-ethers. The diazonium solution was add- G



 ';'f;?‘f, " :' , ,:-., } o »f(7J<_ )
:usa of a diaza-thio-ether from anthranilic acid and thio—='

f‘ ﬂ}{pheno1._ Thia was deoomposed to phenyl~thiosa11cylic acid |
37f”&f1by heating, and the latter convarted to thioxanthoneuby de- ﬁf

'fffhydrat¢on.,' o el
o :*3 In 1894 Jacobsonlo made tneﬁmost stable aiaz_ ﬁio-‘"

ytﬁer reported in the literature., He diazctized'o‘amino- o

"'**j?thiophenol made the mixture alkaline, ‘and filtere 'ff‘g_jv'
tlfproduct which proved to ba benzo-thio—(a b)diazo, . I
‘Jiwfoseopic molecular weight proved zlightly higher thanithat

Ai.? frepresented by ‘the formula. This compound was stated to be
4f~fatab1e unaer l?a°c., tnougn Hannzach laterl; reportea 163 c.,
‘i1and was purified by vacuum distillaticn. I* forms addition o
'.-compounds with heavy-metal hal*des .and a.kyl halides of 10!

molecular weight.v Bv decamposition st 200-250°C.; Jaeob-
‘” fson was able’ to isolate a cyclic sulflde. Hantzschll later
| ”;'1n 1909 used the aame diazo~thio-ether rér a study of the
f‘leffect of structure on color. ' |
':,: Perhaps the most compranensi#e early work on thé diazo~- .
‘ thi6;ether§'was done.in‘1895 by Hantzsbh and FreeSéiz‘ They
; hoped to be sble to gain 1nformat10n on’ the stereoisomerism
_f'azd_compcﬂnd by a study of tge diazo-thig-gthers- A num-
"-ber of the latter were. prapared from thiophenol using the |
| ”bases following. anilins,vp-cnloraniline, p-bromanlline,
‘p-lodoaniline, 2,4-dichloraniline, 2,4~dibroﬁaﬁiiine; 2,4~
N dliddoaniliﬁe, 2,4,6¥tribrdmaﬁiline, p-nifraniline,'and sﬁl-

- 10. Jacobson: Ann. 277 219 (1894)
~ 1l. Hentzsch: Ber. ZE“ 68-85 (1909)
. 12. Hantzsch and Freeae. Ber. 28 5237 (1895)
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Vi E if:fo-: "_;jjf8)L ,TVt

“TV1ranilie aeid. The eompounds ‘were purified by disaolving
in absolnte ether and passing in anhydroua hydr“ga '

fiide to complete precipitatiou of ﬁhe addition prbduet. |

;This was filtered off and pumped dry 1n a vacuumfreaicca. Af~A
Ptor, the H61 being spontanaously eliminated;~l° e tha :

.pure diazo-thio-ether.- Several of tha campounds"

'*1dent1fied.. Ehen dacomposed in aqueous aolution’*i,y

A“

.tion to the mixed aulfide fonmad by aimgla eliminetion of

‘”f;nitrosun, "uhstantial quant*t ss of the é&ﬁﬂl;ide'or?thﬁ

}fnercaptan fram‘whieh the original campound had been formcd ,.*'

“qé.i.'e., diphsnyl disulfide.k They beliaved that thi fnight

“”ff?ba due. to hydrolysia of the diazo~thio-ether to the:diazoni-«“

yfum compound and the mercaptan, with subaequent air~oxida- -

;{tion of the mercaptan to tha diaulfide. Evidence'of:phen-

*ﬁ ﬁ:o11c eompounda was found, snbstantiating the theory or ths -

‘hi?ﬁfzformation of diazonium salts and their aubaequent decampo- -

'  sit1on 1n the presence of uatar. However, they also observed

| :the disulfide to be formed when the decomposition of ‘the
”'f”fdiazo-thio-ether was allowed to take place in abaolute al—
: lffcohol. COnsequently the disulfide muat be regarded as a .

prime product of dscomposition, aince theae authors report-.

‘ff ed a 59 percent yield of diphenyl disulfide from decomposi—
“*iﬂAtion in water of the sodium salt of the diazo-thio—ether
ffrom sulfanilic acid and thiophenol. |
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@
In 1896, Bamberger and K’rausl3 investigated a series

“f'gof conpounds which.they deaignated as the diazo-hydrosul—

?VQ;fidea.» The following compounds were prepared from p-nitro-» i

f;g?aniline diazo and hgdrngen aulfide..303-05K4-B=N~8H'Hgs

“"l? .f(Hoa~cuH4-H-H-S-)a. and HO:~0654*“=ﬁ*8‘3“x‘3634‘5°ﬂ'7 ?h°

"ﬁlaat compound waa highly explosive aven in water. Inveati-'s

'Ifﬂfgatien of the effects of aromatic aolvents on: di~(p-n1tro~ -

ﬁ””fphenyldiazo-) diaulfide, which was: not exploaive, 1ed to the  ':"

,ﬁﬁxdentlflcatlon of s&batiuuued biphenyls and sub5u1 uuad di~vgﬁ.3:v*'

: AT“T,j*aulfideB.v For examplea benzone and the digzodiaulfide |

N'iggavg p.nitrcbiphenVl and p,p'—d.nitrod_phanyl disulfide,’ ‘

" jtogether with elementary sulfnr._ In the same yoar,‘Bam, o

”*°2Tifberger14 reported the preparation of tha diazo-thio~ether 'V o

fﬁﬁfrea p-shloraniline and. thioyhenol thcugh the compound

.:_;possessed a considorably higher melting-point than that re-v_-

f{giported earlier by Eantzsch and . Freese. "

In 1906 Friedlaender15 used ‘the diazo-thio-ethers h

{fjiffor praparation of arylthioglycollic acida,vto be used in

?ﬁ;synthesia of sulfur analoga of indigo. Ha coupled p-nitro~ o

'. aniline to thinacetlc acid, but was unable to 1salate the

?f.aesired aulfide on decamposition.< Hhen aromatic amines

'[,were coupled to thioglycollic acla, the format;on of the

o diazo-thio-ethera and aubsequently of the sulfides was

said to be smooth and easy. 1t might be mentioned that

- this work could not be repeated by the present authors,

13. Bamberger and Eraus: Ber. 29, 272 (1896)
. 14, Bamberger: Ber. 29, 468 (18%6)
 15. Friedlaender: Ber. 39, 1060 (1906)
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Jngusing the prooedure as given. aIn anothar paper of the aame .

S?ijear, Friedlaendarle raported the preparation ef the diaso- fﬂ'

w-ffalet  o—ether rram anthranilic acid and thioglycollic aeid.
il j;f‘?his was decomposed 1n gate. ethyl acetata, acetﬁne and
e ;hitrobenzene. all casas substan a; amounts ar the a~ear-?c'

1&,}boxyphanyl thioglycollic acid were reported. In another

'?u jglyco1l1c acid snd the rollowing amines were reported by

| v‘uléjFriedlaender and tha1a17 p-bromaniline, p—nitranixine,
'f’? f3p-to1u1d1ne, ?-naphthylamine, o-phenylenediamin°' ”““hl°"
fﬁ?;aniline, and alpha-uminoanthraquinona. Fr am thioacatic &

“";vacid diazo~th'o-ethnrs wore made from p-nitraniline 8Hd

ffp-bromaniline.- In the following year saveral German patents

Mff“are issued to. Kalle anu Gempangls, cevering ths synthesia
‘ viﬁl of arylthioglycollic acids by decomposition or the corros- J
\*iVﬁ? ponding diazo-thio-ethers in water, alkali or inert solvents.' 
B 'Fox and. Pape19 in 1912, were interssted in the sul- , |
"Tfur-analog of oenzene-azo-phenol. Small amounts of p»nitro~
,benzene-azo-phenyl.methyl marcaptol were obtained after '

‘  methylating a product of the reactlon between p-nitraniline o
-2r‘diazo and thionhencl. However,. they state bhat by far the
'”?main product was 2= (p-nitrobenzene-diazo-mercapto-) benzene,

as was to be expectad from the work of dantzsch ana Freese. )

' 16. Friedlsender: Aun. 551 390~420 (1906)
'17. Friedlsender and Chwala: lonatsh. 28, 247 (1907)
" 18. Kalle and Co.: Chem. Zentr. I, 1221—(1908),_
1bid. 1I, 1070 (1908)
19. Fox and Pope: J. Gham.-Soc. ;g},.1498 (1912)
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e

Vorlander and. ﬁittagzo working vith triphenylmethyl

;gulfur oompounds 1n 1919 &dded aqueous bsn:one diazonium

,‘thyl thiccarbincl.‘ en making the mixture alkaline, 1'

vtrong cauatie, showing the mercapto-group to be bound LT

& result af the reaction.. ‘ SN _ KRR o TR
lﬂ‘In 1928 Finz121 bqing 1nterested in linear dithia-'  . 
xanthones, us»d a bifunctional mercaptan mmta-dimercapto-
fbenzene‘ Two moles of the following bases were coupled to
;15 in aaeh ease: anthranilie acid, o~aminobenzy1 alcohol
!and alpha’carbaxy—beta~naphthy1amine.“ i f‘ ]
', ?ollak and Gebauer-Fulneggzz in 1928 used tha same :
,al!mereaptan and twe moias cr sulfanzlic diazo.; They also ’ _
‘1} reacted two moles of: p-nitraniline diazo with 1 5-dimarcap-' 
 xonaphthalene, 2 4-d1mercaptophenol and 2 4-dimercapto-‘
745-m§thyl phenol 4n addition.to coupling p-nitraniline to
?;ﬁhio-bets-naphthol. They were. interested in the tinctorial
i5iproperties of the compounds. Gcnsequently their teehnique
}2;gwas to ped cotton with an alkaline ‘thicl or dithiol ‘subse~

.‘-fquently develoninz with a diazo. The cumnounds wara f

f :to be useless as dyes aince they decompoaa at the tempera-

 b‘,ture of boiling water.. o
In,1954,fDunn_and_Fletehépas prep&r@d'aeveraildiazo-

. 20, Vorlander and Mittag: ‘Ber, 52, 423 (1919)
21. Fingi: Gazz. chim. ital. 5§“ 269 (1928) .
22. Pollak and Gebauer-Fulnegg: | Honatsh. 50, 310 (1928)

R 23, Dumn and Fletcher: Trans. Kansas Acad. Sci. 31,
S 123 (1934) y
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?ehloride to a saturated cold aleoholie solution. f7tr1phenyl-"'

rdiaso-thio-ether preeipinatad., Ib Ins insolublafin fairly;i'”““' 



.':37.::(135,_'“

| ;thia—ethers frcm thio-beta-naphthol. Bases used wers ani-
“flina, mrtoluidine, beta-naphthylamine, sulranilic acid
_and l-naphthylamina~4~su1fonic acid:

Sulfanilic acid waa

fa7so coupled to p-thiocresol. Theaa diazd—thio~ethers

.‘a-

;were'all aolids, in contraat to the unworkabla oils obtained ‘

lfram soma mercaptans. SR

;USE OF DIAZO-THIO-ETHERS S CATALYSTS OR.GATALYST— L
KGDIFIEBS IE EHULSIOH POEXEERIZATIOHS ' :

Ths uae of diazo-thio—ethers as emnlsion polymeriza~

ion. init rs. qnd.mc fie“s .as reporte by *h;o *abor

'hxfﬁftory to the Polymer Besearch Branch of the Hesearch and De-"
| aiivelopment 8ection of the Office of Rubber Reserve in June,
5 _,1944 1n teohnical report o, R—-408. In that paper the

'V fsynthes1s and evaluation of a seriqs or diazo—thio-ethers

| “';fof the type RrN~ﬂ—S-R' are described. nce the rate of

5ﬁfj;thermal decomposition of tha compounds seomed to depend
  ff3pr1mar11y on the electronegativlty of the raa*cals R avu
J’ff RJ, a svstematic approach to the problem was made by syn- ,'
$i : Tthesizing apprnximately thirty-five diazo-chio-ethers
7_Qusinr radicals of varying electroneaativity for R and R!?
'i?by choice of suitabla basee and mercaptans. In this way,
. the effectu of varying the electronegativity of R aud R!
: o were observed with respect to catalyst- and modif 1er—activ~
:::3ty. Each product vas evaluated in Type. I formula, substi- .
.“‘» {:tut1ng 0.01 molenparta of the diazo«thio-ether for the per-

‘ sulfateqmercaptan system. .Type I formula,is‘aS»tollcws;
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qwater, 180 parta' butadiena, ?2 parta; styrsne,vzs'parts.:i$;f>*”

  ;foPo1ymor1zat1on rates were followed by obaerving the volume
':“ggchange 1n aealed tubes, acccrding to tha Frylinda%echnique.

| ‘;ff;ﬁodifier aetivity was eatxmataa from benzene aolubility ot

'feaagulated rubber.f;?“.sﬁfh

ffiIn addition, the preparation and evalnation :
‘érésoluble (containing 4 water-solubiliziné rc
‘har or both radicala R;and B') diazo-thin gther
or“ad in January, 1945 tochnical;report‘no.'.
iThasa eompounds weré, 1n add ion to the ﬁodifiu
"wormula evalu ted in a similar recips shere t¥”5 %ﬁégqf’;
& ”emnlsifiar was repl&eed by a non-micellnlar{ no lubil

3i38) eanlaifier, such as aerosol g!, wﬁich is suir
?dl;°Y°1°h9131 Succinatc.A The effeeta of pK and of. ,ﬁ r

;polymerization temperature vere noted. It was obse ved that

ha‘effect of water-solnbilizing groups 1s:tof1ncr :ao

5greatly the rata of thaﬁmal decomposition 1n solut 7énd ‘

iﬁhence the catalytic activity. At 50°C., there was- tehd-?

**ﬁfgeney to obtain very rapid polymerization rates fo short

futime with the reaction stonning at relatively lowiconver- -

‘1"510110 .

.. .24, Fryling: Ind. Eng. Chem., Anal. Ed. 16 1 (1944)
. 2%. Reynolds et al.: Water-Soluble uiszo“fhio-ethers
- g§~0ata1§stvﬂodifiers. Rubber Reserve Co. Lecnnical I'eport.
~ No. CR- from UnIverslty of Cincinnati January, 1945 .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

‘7‘35 p&r%a. persulfate, 095 Parts, mgrcaptgn: B ﬁ&rtﬁ;f}ijf:"



_:'(14}

In report number GR~6102 s in march 1945 are reportad

f“jthe results of five-gallon reactor pclymerizations uslng,
-,iirespectively, the diazo-thio-ethera rrem.p-anisidine and
thio~2-ne.phthol and rrom sulfanilic acld and p-thiocresol

w:eaf(in the form of the sodinm sa’t‘. Alzo reported ET8 eharges

“ ‘7fmade aecording to the Kolthoff and Dale27 recipe, which uses

elfSulfole (e mixture of tertiary'cl, mercaptana), potassium
lferricyanide, and the diazo~thio-ether rrom p-anisidine
lvfzg and thic~°»naphthel des;grateﬁ as,"hDE“ Hew aiazo~thio-

| 1fethers from S—aminOPyr*d.ne and S-aminoquinoline wlth thio-’
:“fla-naphuho; are reportea. Evaluaticn of these two cempounde
.n,ﬁis reported in CB-65828, in ﬁpril 1945, as weoll &8 avnthesis
“‘ﬁffand evaluation of S-aminoquinoline coupled to thios&licylic_f
:fffacid. o . _
. In Report 08-69729 fhe synthaais of three new diazo- |
thio—ethers, nsing "Captax" (2-mercaptebenzothiazele), ie '
o reported. Basee used. were p-anisidine, p-chloraniline, and
"'sulfanilic acid. Bvaluation ae»catalystémodifiers vae al-
e'so‘reported. | | | B
Preparetion and evalﬁation es 1n1€1atore of tﬁd:diazoé
thio~ethers, namely from puaminobenzoic acid and 2-mercan~

tobenzoth*ezole, end from p-aminobenzoic acid and p-thio-

26, Reynolds' Provress Report for Bebruar 1845,
 Rubber Reserve Co. technical”report No. CR~610, %rom Univer-
- sity of Cincinnati, -‘March, 1945, :
27. Kolthoff and Dale. EDE as Activatoruﬁodifier in
Polymerizations by Varieus Recipes., Rubber Reserve Co. Lech-

nical rspert No. GR rom Un versity of Kinnesota, 1944.
28. Reynolds: Pro ress ort for March, 1945. Rubber
Resérve Co. technica repor cR- Universi y of Cincinna-

ti, Agril 1945,

Reyneolds: Pro ress Report for A ril, 1945, Rubber_
EIﬁcfnnafI, 1945.
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P?;vcresol is reported 1n CR~?295° B

Vo Gontrolled increment addition of 2- (p-methuxybsn-w i_7f'ﬁ

Vﬁ*ane—diazo-mercapto)onaphthalane (MDN) to a polwmer'iation -

‘firun is reported 1n cn-vassl Increment additionfwasftried f;ff”"""
: aa_a ‘means. of avoiding over-modification noar tne beginning;ﬁ_if§

fof the reaotion, when tha concentration of the diazo-thio- B R

~ﬁrqether wag high and under-modificatiun naar tha end of the fﬁfﬁ*ﬂ». 

”ﬁyreaction, when much of tha diazo»thio-ether present had ;;-‘

:“:fﬁecomoosed thermallv. It waa houed to ba gble to obtain Qfﬁi_?ﬁ“

‘fff]funct en cf average mol nlar ”“18“t of th gmer. . Ret e¥5{w

' 7fconversion value proved higher than uaually obtained by

'Hff‘orthodox methods.l Rew diazo-thio-ethera prepared

.Tffuated as catalysts were- ortho-anisidine to thio—z-naphthol

’Waﬁf  2 ¢-d1methoxyaniline to thio-z-naphthol 2 S-dimethoxyaniline |

’j=to p—thiocresol p-anisidine to p-thiocresol and 2 S-dimeth-'
i ""‘_';oxyaniline to thiosalieylic acm., In this report it was . "
‘";noted that ortho~substituted bases gave compounds of consid—
“";erably less. activity than did the isomerlc para-substituted
” ﬁ:bases even though 1n the electronegativity seriea the two

.:may occnpy approximately equal levels.-

- 80, Heynolds. Progress Report for Ma ' 1945. Rub~-
ber Reserve ¢o. technical report No. C&J7Q§ f Univer—.
sity of Cincinnati, June, 1945+ 3

_ 31, Reynolds. Progress Beport for Juno 1945. Rub-
- ~ber Reserve Co. technical report Ko. CR~7 O Univer~
" sity of Cincimnati, July, 1946.
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51\¥a constant-viscosity rubber 1n this way; viscosiby being a. ;?*~:1'

’v5H 0f reactlcn was. unarfected by increment additiOna b“t fina13f17f >
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 ;ethera wera preparaa.end evaluatedz p-aminoacetanilide

3tofthio-2-naphthol 2«naphthy1amine to p-anisyl me
~anisidine .o p-ani°yl mercaptan, p-aminophenyljacetic

mIn Beport Ko. CR-82132 the following new diazo~thio-‘ S

7”~iﬁaola to thzo-2—naphthol and 2,=’dimathylan;line tc thic-“ig i

ﬁz-naphthol._ Prepared by a slightly diffsrent technique, |
_Lamaly coupling in glaeial acetic aeid 1n the presence of

*fﬁ5sod1um aeetate, dne o the low sclubility of the mercap- R

537}tans 1n caustlc solution, tere sevar&l diazo-tnio-ethers

{ffrom a;iphatic mercaptans.  Those preparea and evaluated

_:wouflad to, re pactively, -bu+V1 t octVI,r,nd t-dedecyl
S fmerc&ptans,v'Compounds from aliphatic thiols were more ac-“

-;fgtlve tnan thcse from arcmatic Lercaptaus. The hlgher the

.:v ;f[:molecular weight of tha tartiary aliphatic mercaptans tried hf;‘
B2 ;ths more acti»e was. the diazo-thio-ether a8 & catalyst., .
. 1 It should be mentioned that esrlter, 1n CR-46853 it
"‘, had been noticed that bottle polymarizations &re more rapid
and give better-modifiad rubber than tube polymerizauions,
:ff;when diazo-thio-ethers are: used in place 01 the persulfateé
 umercabtan system.“ This results, probably, from better agl- |
-;tation., However, for purposes of ,reliminary ev&luation,

~ tube polymerizatlons affgrded a cpnvenient‘and a,more,rapid

32. Reynolds.‘ Progress Report for Begt.-ﬂov., 1945

{5ffﬁere. p—n;braailine to u-batyl mercaptan, and pachluranilins" :-1-

. Bubber Reserve Go. ‘technical report No,. CR-919, from Uniier~‘_“

. 81ty of Cincinnati, Hovember, 1945. ©
- 88, Beynolas' Progreas Report for Octeber 1944, :
Rubber Reserve Co. technlcal rsport Ho. 3-468 from Univer-v
‘.sity of Gineinnati November, 1944.~73 . e
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(ff?;jbottle polymarizations.,;_-

PRESENT INVESTIGATION

fTAA .Seoge and General Hethod

{}jective of learning more about the chemistry of the diazo-
Jr?eth¢o-ethars and tne gechanise 'bF whl bh tuﬁs *hﬁetioj as :
ﬁ  f1nitiators and modifiers.w r. ‘ -

"?ﬂf a8 nolymarizatlon initietors 8eemed to be related to their

:Ievolv= nitrvgen raﬁidlv in solution seemed to ba tha ‘most

L 7act1ve Lnltiators.- This was assamed to be due to tne high

fAconcentraticn of frea radicgls available for tha purpose of
 "1nitiatinr Lhains. Also,‘it had been observed that diazo- 
'thio-ethers COHt;lﬂiﬂg activ tina suostitusnts, such &s
alkyl- and alkoxyl—‘ An. eitber the diado or tha mercaptun
 5.part of the molecule, give unstable solutions and are the.
,__mgst active initiaters. Those that contain deactivatinb -
’.suhstituents, e g., chloro- and nitro-, g*ve much more
,'stable-solutions,and,are the lsast zctive inltiators.
'Furthermore;'it was observed that‘ali diazb-thioéefhéfs
are much more stable in solntion in non-polar solvents
than they are in solution 1n nolar solvents. |

In view of these observed qualitacive relatlonshlps,
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‘{ ‘*f means of camparison of diffarent diazo~thio-ethers than did ”_J 

The. present investigation was undertaken with the ob- R

QL&’itativel the activitiaq Qf the diazo-thio~euhers;fff?

'Rl;_jsolution—instability on heatiné.- Tﬁose compounds which _f: j



l,(lS)-‘w

it was'deéided to‘determ ine quantitatively to What QXtent |
'J”fl?faolution decomposition rates could e correlated W1th 1n1-."
nlvf €t1at0r activity and also with the electronegativities Of ‘

| iﬂ:fthe diazo-radicals.* ElectronegatiVity is. used in thﬂ sensc
}if ;propo$sd by Kharasch and coworker834, énd is defined as the
H}relative sase with ﬁhich 1n unsymmetrical erg“no~marcury R
“fcompounds, the bond between the radical and mercur? s |

 split by hydrogen chloride to 6ive the corresponﬁing hydro-v,ﬂ

'H .-garboﬂs. |
In explainin~ the function of the diazo—thio-ethers asv

*}lnltiators 1n polvmerizatians, it ‘nas been assumed uhat an

“arometic free-radical and a mercaptan radical are products
uilof the thermal deccmposition.'wf - __'_ |
' . B-NeN-S-R' = R + R'=S. + ¥y . |
>  Ir this hypothesis 1s correcu, then chain—initiation might
".be caused by ons or more of the following four- possibilities{
' ,Af Mercaptan Radical-'»v -
1. RmfSe sk = R';s-mQ‘

2. R!'-8¢ + H = R'-SH + M'e
S | (ure equals u less He)

B. Aromatic Radical:
3. R+ ¥ = Rei-
4. ‘RF +¥ = RH + Mf->v
_Reactlon (1), combination of a}mercabtén radlcal with é

_ monomer molebule te. oive an actlvauad adjanct 13 the famil~-

_tiar step usually given for the 1n1t1ation of ‘the polymer

: 34+ Kharasch and Marker: J. Am. Chem. Soc. 48, 3130 (1926};
“Kharasch end Flenner: ibid. 54, 874 (1932); Kharasch Rein~
'mnth and Hayo~ Je Chem. Ed. EI 82 (1964), ibid. 13, 7 (1936)
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5fchain 1n ths merc&ptan-porsulfato emulaicn aystem._ On

»tna baais of previous evidenee, however, it 'onld seem AR

that.reaction (2), uhere a,mareaptan radioal strips hydro- gf’;5 o

*”f;,from.a monamer mglecula to give~an activate _mn'umer'”"'w"t

ithe sulfur content of tha polymer oould be 1ntrodnsed in

‘a«roeing chain, . Arvu_ent that ahawne‘.sy be. bath 1nitzetea§ﬁ{a*5

;ithe polyner 13, oughly, inveraely pr°P°rtional tohitf *“’1”"
, fmo1ecu1ar weight. " | | \,‘ : *' } i
C? | Aromatic rree-radicals are extremely reaetive 1n organio o
’%mf;solutions, aa shoun by Kharaach and coworkera54 This fact
fnfiluould aeem to indicate that they might not be expected to

'”fiadd o a monomer melecule according to reaction (5) above.-u5'

1 i;There is ample evidcnce that they can easily axtract an .
3 f'a11phatic hydrogen ‘atom from a.salvent.» COnsequently, it
v',vonld be a logical inclination to favor reaction (4) as the
f’machaniam by which tha aromatic radical from the diazo--
'v'f 'thio-ether 1s able to initiate chaina - R
e In order to elucidate the possible mechanism of the
'chain-initiatian step, 1t was deemed adviaable to utudy the
_'solutionrdecomposition prodncts of & diazo—thio-ether, '
" since the literature gives 11ttle evidence of & thorough in~
1ﬂvastigation of uhis type.' Acaord1n5 to ths litaratura, the

 ch1ef products of decamposition were thosa rasnlting from
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radical represants an eunnlly logiaal possibilitg‘ 1nca ﬂ;;ﬁ]f;Q 

the”tarmination step eqaally a8 vell aa in;th ;1n1t1ation e

';1ﬁstop.’ For exampla, a mercaptan radieal eould raae _with a33fxﬁf{“'>

4¢Qand terminated.in a variety of waya does not impbse on thef‘:‘h‘ -

_gajlimi‘a»;oa, seu by abaa?vat;on, uh&o the aulfur~canuanu o;l;"'“‘



(20)

ﬁ'fhgdrolyais or zimple nitrosen aliminationz

f(Diﬁulflda formation) 2 3}33 (Q) R?S~SR) * Haﬂi

L{Hixadssulride Rpknﬂ-BuR? = R,a.ga +“g
: rormation) °\' .

2 R-NeN-S-R' 4 2HOH = 2 ROE « 2 alsn~*ia,x, ,af‘ -

L&ttlo inrormation waa ohtninnbla concerning the products jf7§E   ff

5'-jnate hgdrogen ataas: 2-(bensene-éiaseq:grcapta)nnaphtha= -Lﬂﬁf*V”

" 2ene wu ehosen as ‘the diazo-—thio-ether on tha mdicauan L

V1ff}thnt 1ta dacampoaition preducta might oe eaa1¢7]1dant1£1ed S
'iffby oamparisan with tha 11teratnre,‘f | PR

Summarx and Diaonsaion of Rasults f'f;JaU '

l Introdnatien , ; BRI :
“‘ Kharaach and caworker554'have davalopad a table
lffv'_of relatlve electronegativities baaed uyon the relativa
"ease of aplitting organo~mercury compounds with hydrogen
- ohler1de. There aeemn littla dcubt that tha alectronega-'(

_tivity saries repreaenta a claasirication that carries o

‘ovar 1nto 8 great variety of correlationa betwaen struc- o
ture and chemical reaetivity. Gonaoquently, it wes deemad :

.;of 1nterest to s8a tc what extent electronegativities

;v 34. ,log.zait§,f 
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| f_<'f'zi>?f :

; orrelata vith the polymerization rataa &nd tha solution~'”
‘fdecomposition rates observed for' the diaze-thio-ethers.,>@ f |
  “. ‘ Tiffsnoau35 originally diacuased & property'of organic
’*r;*radicals which he termad “migratory aptitude”‘ If there o
v’»is equal oppartnnity-;cr-‘wo diffarent radicals to migrate

’1 31n a ehemical rearrangement the one which preferentially

iﬂ?migrates 15 aaid to have a higher migratorx aptitude . '
vlf fyBy atndy of tha pinacol—pinacolona roarrangﬁnent Bailar35

fand Bachmann and aouorkar557 have extenued the work o¢ .

A’TTiffeneau ana assigned quantitativa values for migratory

1”*ayapt15nde, as follows. P“aﬂaﬂil {590)’ 1~naphthyl (18)’

. “?%;p~tcly1 (15. 7) B-n&phthyl (greater than 1)y phenyl (1),_:.
';p-chlorophenyl (0 66), a-anisyl {0. 5), c-chlorophenyl

VH 1‘f>w1th ortho—suastituents migrate with graat difficulty,‘]7
possibly because of 8teric influences. _Hence the method
fv;is not reliable for ertho~substituted groups, but other-; '“
'ﬁwlse the ‘agreement with tha electronegativity series is:
| close. _ | RN
- Hixon and Johna38 diacussed the basicity of primary
 aromatic aminea and listed the. relative values of ‘the
' dissociation constants, based on a vaiue of 3 x 10" -10 for B
phenyl in decreaaing order as follows. p-anisyl (20),
p-tolyl (6 7}, o-tolyl (1), phenyl (1), o-anisyl (0 67),

35. Tiffeneau., Bull. soc. chim. 55 1639 (1924)
36, Bailar:  J. Am. Chem. Soc. 52, 3596 (1930) .
"~ '37. Bachmann et al.: J. Am. Ghem. Soc‘ 54, 1132
~ (1932); 1ibid. 56, 2081 (1934)
, - 38, Eixon and Johns-‘ Je Am. Chem. Soc. 49, 1786 (1927)
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o (very small). In the re&rranvamaat sbudied aromatic groupa ST



'(223

;(0.0655), and o-chlorophenyl (0.0050).

=but with thia echption tha agreemsnt is fairly 8504‘: 
iqnalitatively spaaking

l-napht.hyl (o.:s), p-chlorophenyl (o.oaa), p-nitrophenyl SEn
It may be "‘oticed R

ithat ortho-aubstituted groups are not in line 1ith‘tho
aelactronegativity aeries in this classification either,

L 4 Relativa :
QQElactronegativities

: ‘. p-tolyl b
L 2-naphthy1

z‘“azlphenyl ISR

“jﬁ:_'o-onxorpneny;,yy
_’pfohlorphenyl N
o pénitrOPhénjl',ﬁ

Bel. Dacemp..Rates

Gorrelation betwsen Electronegativities and Solu- o
ern ﬁiaamgasition Rates ' B R TN
In ths folleuing table the eleetvenevativity aaﬂies

:‘is compared vith the aeriea of ralative deoompoaitian ratea jp:”°
fzn (a) hyarocarbon 86&?9nu and ‘b) dibuo;l yhuhala»a salauian=7”;f“'

‘ Rel. Decomp. Hates’a ‘

ﬁ;drocarbon SOIVent
,;mawlﬂ e
'. "“;';‘-"»v,"; obtnlyl o
v”:o~an1qy1 “un“
petolyl
';p;gﬁiayif.f
‘f ,pheny1 .
}11-naphthyl
; :o-chlorphanyl;;_ R
.'.a-ﬁ&pi‘uhya. o
5 p-chlorphanyl o
:F’p~nitrophenyl

mbutL 1 Phthalate
.', fo-ani§y1 |
| ;f;m-xylyl
:i;o-tolyl |
o i-naphthyl
} Tip-an1syl ‘
wip-tolyl ‘

phanyl“

. 2-uaghthyl |

P 2

o {V"}'il“‘ rpheayl -

p»chlorphenyl"'

'apfnitrophenyl

Glose axamination of the ahove table will reveal that excepto‘ :

| ing tha threa ortho-substituted radicals and l-naphthyl the
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f}izcorrelation between electronegativity and decomposition “ |
,fﬁrates in aibutyl phthalate is gcod with the'exception  : :'i 
ﬁthat the poaitions of phanyl and 2-nayhthyl are reversed~‘<=“
;xiin ordsr. In attempting to correlate decomposition rataa -

fifin hydrecarbon salvent v*th e aetranegativity tbeﬂe *e the

“513ff '5 COrrelation between Elautroneaativities and gg;x_
,,_;_” ‘ S meriza on Hates. . . . i

357}t1vities of the aleven radicala from the diazo~thio-ethers '
;';era compared with the relative polymerization rates obtn_neé
F3f}fusing two different concentrations of 1n1tlator par 100 grams

'°“‘;of monomers  fj

iﬂ]fadditional reversal of the positiona ef p-tolyl and p-anisyl.f[f;;_

11 tha follawing table the *elauiva GIGEurensga-f'71 S

e Relativa  : ':1: Rel. Polym. Batea Rel..Pelym. Rateaf?-,_
A Electronegatlvities 0,001 mo1/100 . gro QO 01‘&01/100 gr. -
1 m-xylyl .: 'm—xy1y1_:v ' - mrxylyl
'”ri'ﬁ".v"‘p~an1871 | Cpetolyl o p-tolyl
- o-anisyl ':‘ 'p;gniéji . | oftolyl_
| l-naphthyl o o-'r:.o_iﬁ; ‘p-"anis'yi
A”ﬁfﬂfo-tolyl | fbéahiéfl ' ‘{o—anisyl
' lp-toly1 : '2—napﬁ§h§l ‘ - phenyl
j?ﬁ—naphthyl ‘ pl-ﬁaphthy1 i , ‘ l",-genaphphyl
 f.pheny1 | i ‘vphenjl ':‘ :;14ﬁé§h£hyl
  o~ch1oropheny1' ';Q—chlorOPhanyl -;;,p-chlorophenyl
‘p-chlorophanyl vp-chlorophenyi o o-chlorophenyl
| p~nitrophqnji, . .p-nitb6§h§§§1 j |

p~n1trophenyl

. Again excéptingjthé,threafértho-sqbstituted radicélsfﬁn&
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h\5551~naphthy1, 1t may be seen that the relative order or ratsa,'»r'
obtained,uaing 0.001 moles or initiatox per 100 grams of

-cept that p-anisyl and p-tolyl are revarsed._ Usinggfhe .
;Elargar connentration of initiator, there 15 the additional B

“v famer1zat1on rates than in ths case of th@ decompdsition rates.n
'!lE%Perfect correl&ticﬁ °°uld hardly be °xp6°teﬁ 1n view of the 5 
L{ :¥nnmb6r of faetors 1nvolved ‘and this will be discussed fur-'

*he‘” L3 5 .

"f5ﬁ  5_ corralatiqn between Dacumpositiun and Polzger-‘fff‘

~ iaauion §atas

It was observed 1n same casea that the rate of

”?ff;polymorization was affscted by concentration or diazo«thio— '

| ' ? mathylbenzane-diazo<mercapt0)“naphth&lene (XDM): rate °f
 7po1ymer1zation increased with incraasing concentration.
 "'ff0n the other hand hovever, less active initiators like .
Jﬁ5,2~(benzene-diazo-mercapto)-naphthalane (PDE) (and the °0m" 
v‘ipounds derivad from 1~ and. Z-naphthylamines, tha chlorani—
v‘f::lines and the nitroaniline) benave in the. opposite manner.
:Here polymerization rate was higher with lower concentra-
_tion of initiator. mOderately active compcunds, like
‘_'2-(p-methaxybenzene-diazeqmercapto)—naphthalene (HDH)

- gave polymerizations whose rates were practically 1nqependent
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thof conccntration of initiator.‘ Data ohtained on polymer-*?
:ization ratec 1e eummnrized in Table I. To explain theee ﬂf'Lffffv
‘reaulte satisfactorily, it must be remembered that the i,\“ili
_oidiazg-tnio-ethers may play a dual role in polymerizatione. - |

' They mot QﬂlY aet an *nitiatcre but may funetion as’ chain- :ii'
J:terminatora also.,,The diagran rollouing Table'I;shows_the_f:

1fypoeeiblo functions of a diazc-thio-ether in polymerizetione.u;,;7;'i
5‘,I£ it is aeeumcd that their ohein~terminating efficiency o
5;dcee nob. depend greatly‘ncon stnnvtara uifference, while |
ﬂzichain-initiator efficiency increasee nith increasing electrc-"'“‘
'fnevativity, en expienation becomns p0551blc.  ’hne, for :
lnidiaza-thio-ethers producing highly electronegative radicale
ff‘that are. stericelly unhindered the initiating sbep takes |

‘precedence cver the terminating etep nith 1ncreaeing concen-

fttreticn. When the diazo-thio-ether produces less highly ' : 5
- ielectronegative radicale, the terminating function aseumes" |
r'greater rolative importance with increasing concentration,

,‘fﬁjfand coneequently ratee diminieh. “In the middle range the

'“;q'fimportance of the tvo functions is apparently approximately

=  1fccequal hence. rate is comparatively unaffected by changee in.

- ;;ccncentration.v Hence rato of polymerization mayvdepend not

'~.ﬂcn1y upon the rate of generation of free radicals but also

_ ,‘i upon the rate and mechanism by which polyner chains are torm~
. tnated. T b

. "In view of the influence of concentration cf diazo-

“ci:‘thio-cther on polymerization rate, it becomes difficult to

'decide_upcn a logical»basie for comparison., “In bne following
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Table I

Polymerization Rates Using Diazo Thio-Ethers

R-N=N-S
Rate Using 0.001 mol] Rate Using 0.0l mol |Rate 0.0
R- DTE per 100 gr. Mon.| DIE per 100 gr. Mon.;mol/rate.
+ % per hr.|Rel. Ph=l | % per hr.! Rel. Ph=l} 0,01 mol
; : * } i '..
H3C-<i:%* 5.2 | 2.2 16,7 | 3.5 0.79
Ha E !
CHz i ’ :
4 5* 10.0 | 1.7 10.0 | 2,0 1.0
CHgz ! 1
9.9 | 1.6 i 8.5 | 1.7 1.1
\\‘ ___/ l ;
H3G{::>h | 11.3 | 1.9 ! 11.3 2.3 1.0
. | 2
(-\ 10,7 1.8 i 9.5 | 1.9 1.1
HgCO W | } : ‘
(—“F- 6.0 1.0 f 5.0 i 1.0 1.2
/N f !
\_/ : i
; :
/ ,: i
/ 8.1 | 1.4 3.7 0.73 2.2
\ 1
Cl 3
(:j;. 3.7 0,61 | 0.87 0,17 4,2
\ :
01_<::>_ 3.2 0.54 1.7 0.34 1.9
i |
0.25 0.04 0.19 0.04 1.3
O N : ’
!
i ?
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FIGURE 1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



‘f;@table the relative deccmposition rates 1n the hydrocar-  f*

T;:bon aolvent are coupared.with the polymerization_rates

v fobta1ned using 0.01 mole or diazo—thio-ether per loongrams  t7

'ftfjof monamers:

Sr )

Badical R w,’n; Rel. Decomp. Rate f Rél. Polym.nate

Ph=1

""fﬁFxYIylf.tV"tj._ o s b
}‘f’-r-j,fv.{,o-toln o sl .5,..-_"2. y
o-anisn S gt e

‘"1fjfég;an1ayl‘f§5.;'. R iui,ifp. :¥fp5f""“ fl;g

 pheny: . '*ffga, L e

‘? €jl-naphthy1 g’A"le>E . 40;§;m:; :::i"?j*; '~056‘."‘”'”
'-ifz-naph hyl 3;11_ : .?x ” :’6;4 _:1<:  " | ‘; “¢;7,'1f;§3j'
' °.ch;orphenyl ;” . "  "'6Q5 £1:A '-"T::f “°i2 £.

o 7P4¢hiOrphénrl;f{:. | f,[0;3 t e f 7f»  50;$'V

;»f*',,;;,a.gmog,menyl- e 91 "

 . A1though the above correlation 18 reasonably close in viaw
. of the number of factors 1nvolvod 1t will be noticad that |
‘ the ortho~substituted radicals have abnormally low polymer~ '
; jization rates combined with unexpectedly hlgh solution de-xl
._COmposition rates. A ateric factor may be indicated since |
"chain-initiation depends not only on the rate of generation o
of radicals but alsc upon the rate at which they can react -
- with monomer. An ortho-substituent could wall increasa the

o instability of the d1a00o+hio~e+her over that of the ‘para-
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i'aubatituted isomer by restricting free rotation about singlo
o.honda 1n tho moleoule., The low activity of tha ortho-sub-”

‘ttituted diaao-thio-ethers as polymorization catalysts mey.

fally hinders, to an a}preniab e dograo, tho roaotive ooai- f :
gxion on the frae radical. These oonjeotures are given sup- '

5port by oonatruotion of Fisherﬁﬁirschfaldar models for

:‘_(oqmethoxybenzene-diazo-morcapto)-naphthalene and“ he
:o;meuhoxypuenyl radieaa. ‘I vhe above-ontl¢nv& -
'fois accepted the Apparently anomaloua 1ocatione of the ortho- f1
‘ﬂfjsubstitutod d_azo-thio-sthers in ‘the different series, viz., :L;
ofsolution Lnstability and 1n1tiator-activity as compared withf‘

Efeleetronegativity, 18 explainable.A Thna they may bo oxpect-,
‘hf?od to decampess fastar than para-snbstitutsd isomers, and

'A5gab the same Lime be less effective as initiators..f  \

. 5. Dacomposition Produsts and Heehanism of Initiator )
St ‘ and.ﬁ"afflor Aotion T :

_ " Wheh diazo—thlo-ethors are used as’ polymerization _';'

oinitiators they decompose in a vary dilute solution of the

mONOMers. . Under these conditions the . radicals rormed have
'”i_lample opportunity to react W1th aolvent before reacting

‘wlth one another. Hence in ollute solutions a maximum

‘CVjpyield of products from reaotlon between radloals and the

solvent, and a minimum yield of products from roactlon of

n the radlcols with each othe , would be expected.v In order

to meke the conditions of the deoomposition coincide as
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| '?i'te;af)

2 :nearly as possible with conditiona dnring polymerizations,

"‘”jthe decomposition was carried out in extremely dilute

2 }”jaolut1on by adding a very conoentrated.cool solution of
~ the diaso-thio-ether to hot tetralin at such a rate that
.o,ithe dacomnosition proceeded.more rapidly than the addition.

The prodnets obtained in the above docomposition experoA

o ':_:f‘ 1men’c are summarized 1n the diagram, Figure 2. The high
'”'yield of benzane would seem to prove the following mechanismeu
7iv;‘hy which dia'o-thio~ethﬂrs cen 1n'tiata chains. L o
et e R- + M= RB + n'-} (n'- oqnals H 1eas H )
tIt must be kent in mind of oourao, that cecralln may donate ;_
oo_hydrogon atoma more readily than do eithor butadiena or o
“'oﬁatyrene.‘ Also, the temperature of decomposition was considar»
_‘ably higher than the usnal polymerization temperature. How-~‘
"_aver, the raaction.montionod.mnst take placa to a consider-
';ﬁ] able extent even though theae factors are considerad.~.
';; Since no appreciable amount of thio-z-naphthol wos
o formad in' the decomposition, ths. following reaction as &
‘_mechanism for chain-initiation would.seem to be eliminated-
‘R'=8+ + M: = R'SH + MY | |
: :Since no mercaptan 1s formed under the favorable conditions
of the experiment it hardly seems likely that it would be
formed under polymerization conditions, using diazo—thio-
ethera as initiators. | _‘ |
The presence of water during the docomposition,,as for

'example in an emulsion system, should not substantially change
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(29)

:”"“;fthe conclnsions drawn above. Hantzach and Freeselz felb

"ﬁf;;gthat water cauaed hydrolytlc claavage of the diazo-thio-vﬁﬁﬁLJ'wwﬂ

};ff&ethar to form.msrcaptan and diazonium cowponnd. Howevor
” “1this viav vas 1nduced by the fact that disulfids waa fcund
53f§$t° be praaant-: It was aasumed that disulfide ‘was. formed

iby air-oxid&t1°n of nercaptan rormed by cleavage.f*ln no'

.Q;case, however, have we been able to find avidenco:for hydrol-~\"w

4517818 of diazo-thio-athera bY pnre water or- by soap solu—f7

 ':jj?1ng negativa‘ Strong acid““r very strong alkali 1s rGQnired f’m
£ e oring &bout hydrolysia forming diazoninm °°“9°“nd and

'”f ff;mercaptan. | S e
| It has been suggestad that the diazo-thio—ethers may

‘"'~fenter directly into uhain-transfer reactions thraugh reac- ”

ll‘tion eof the growing polymer chain with the diazo-thic~ether '
ok _ ‘-mo1ecu1e, to pro&uce either an aromatic radical or a marcap—f
. ' 'fi1tan radical. This is. shown diabramatically in Figure 1 ter- |
1fm1nation reactions (2) and (3). This premise has'been ad- |
'5vanced to explain the modifier activity possessed by the
 ‘compounds. In addition-to this probability it should be
pointed out that mercaptan radicals, ganerated by decompo-
'.sition of the diazo-thio»ether, may . thamsolves enter into
‘direct combination with the growing chains, thus terminating -
them. This is shown 1n.termination.reaction (l), Figure l.
”‘;,Siﬁée a hig@_yield of disulfide was obsérvad‘frcm the .

12, loc. eit.
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:dscomposition experimsnt 1t seems reasonable that 1f a f_“

'Efmercaptan radical 13 unreactive ancugh 80 that 11£

ftration to oxert £ 4 conaiderable inrluence as & chs ?tﬁu: Q€“f§fw

. This possibi 1ty has nct been given,mncl emp ais

Qf'to:oro, qinue

'rwr;funetioninggfavchain terminators.v Horain ma'Vlieiex?fiw,ﬁ

if}ftha mercaptan radical asfacchainrtransfar agent 1a'used.,f;ff3f

EXPEBIEEF?AT.?aﬁf

"“}A ?rqgaratian and thsleal PragartAes of the Diaza~this~»575;7’
Eleven different oil-soluble diazo-thio-ethers were ljt}l |

{V“?jxkpropared by coupling aniline,‘aubatituted anilines and the :

',v;fli»naphthylaminea with thio-z-naphthol. The preparations f"'
| igwero all aimilar to the process for making 2-(p~methoxy-‘
”:'benzene-diaso~mercapto)—naphthalene given in detail.

1. Diasotization of . Baae'

naterials: ‘p-enistdine 125 grams 1fj f;jméie |

water . - 2. 1liters. ‘
‘ice ‘ 1 kilo.
Hcl (100 pereent) 2°) grams (as’ 37 percent _
S o solution)
HaHOz ‘ . ?G grams R mole

) Finely-ground p—anisidine was dissolvsd in tﬁe water and

" aeld, using mechanical stirring.i Ice was. added to a.
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temperaturs of 0-5°C. Nitwrite, dlussclved in 400 ml. waler,
was dropped Iin at a rate sulrlclently fest to waintuin a
slight excess of N0, as indicdtaq by starch-iodide teste-
puper, After all of the nitrite was added, the diszo-sclu-
tlon was allowed to stir for o0 minutes, muintalining a pos-
itive test for excess nitrite and mineral wzcildity as snown
vy vongo Red tost-paper. The solutlon was decolorized by
use of five graums euch ol decolorizing charcoal and Ifliter-

[ Te !
~-

— ~ -

burouen o ohilled

3
'~ W lgmd B LS AT

olAd
Qi

V3
3

suscimer funnel Into a chilled suctlon flask, and the fil-

. s el P P A o U P I R ey vy
LT WSO UW WL vll ADVUL LWU LU VL LOUTUTTWRLIL ¢

2. Preperation of Thic-2~naphithol Joupling

Sodlution:
Materials: Thio-Z~naphiliol 169 grams 1.G5 moles
Yater 3.5 iiters
Ice i kilc.
HaQiH {108, 301™n)ll0 nmi. 1.1 moles
NaOH ( " 3190 ml. 1.9 moles

ThigeZe=n

-~—tada -

aphthol in
water, using vigorous mechanlcal agitation. Ice was added
to a btemperature of about 10°C. Ths smaller portion of
caustic was added all at once and the solution zllowed to

stir four ninutes. Then five grams each of charcoal and

— — - S PR R~ | PP ~ A b b T an
Gl*dild WOLT auUUucllise A4 W ULRl WAL

I.

PP SR - 3
AlT GILLZWWVO WL

“'I

2
4

ct

[

- — o m -
[~ CATALLE

charcosl, the solution was filtered as rapidly as possibile

through e Buechner funnel onto ice. Filtration was accel-

grated by ths use of two Filter gapers. 4 combinavion of
; P
-y o e, - 5 - RS Py
a scft paper underneath, next Lo the perforsted plute, and
e hera naper on ton proved eflective. It was imporisnt %o
- By
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work repldly and kesp the solution cold during this opera=-
tion, as alkeline solutions of thio-2-naphthol oxidlze rapid-
ly, with formation of inscluble disulfide, on exposure to
air.

S. GCoupling:

Immediately after filtration of the alkaline mercaptan
soiution it was placed, together with crushed ice, in a
chilled, vigorcusly agitated container of suitable size.

The nalance of the sodium hydroxids was added and tnen the

diz2zo solution poured Into the strongly alkalins solution

only a slight sxcess of nitrous acid. 2Any lar. e oxcess was
requeced by the use of culfanic acid. Immediately alfter addi-
tion of the diazo-sclution the mixture wss tested for excess
dizzo by spotting on filter paper with alksline bveta-naph-
thol sclution. If trere was sxcess diszeo, additicnel thio-

S~nzpiuinol wes added immedictely to remove the sxzcess,

otnierwise extenslve deconzosition occurrzd.

I tosre was 2 slipget excsss of bhilo-Z-naziathiol 1o the

brownlsh ysllow gum whilcel solidifled to a light, brisut

4

veirlow solld alter stirring ten to twenty minuites. 4s socn

<.

as aclidificuetion wes complete, the solid wes Filteored

and wesked tuorourunly with cold water, then erusiued zsud re-

P - T, SR R <y e N P T e o~ 3
wasned. Uoon deyyvins in e vocuwum deglgeator over CaGl, at

-~ - LY
- 4 ey ~ - -y T - - D
roon temr ture overuizht, the yicld of thie crude was found
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to be guantitative.

The dry crude, in betches of approximately 75 grams
each, was recrystallized twlce by powdering, dissolving
in 700 ml. of technical dlethyl sther &t room temperature,
decolorizing and filtering as scon as possible, end chill-
inr immedistely afterwards to ~70°C. in an acetone-dry 1¢&

path. 1t was found desirable to start crystallization

e

t

immedistely on chilling, by scratching ths walls of the
flask with a stirrings rod. After crystallization was com-

plete (in sbout 30 minutes), the product was filtered on

Ruechner funnel and waghed

oy e - —————

with sbout 75 ml. of very cold

£

1i-ht petroleum ether. Immedlsately after filtering, the

3 Y o

roduct wes pluced ln o vacuwn désiccator ovser Jalig &and

!

subjected to high vacuum for two to three hours, in order
to remove traces of ether and molsture of condensation ac=-
gquired in filtretion of the very cold product. Dry nitro-
gan was bled into the deslccator before opening. Recovery
of recrystallized product was about 80 percant for the
firat recrystalilzation and slightly higher for the second.,
The diazo-thio-stisrs had to be protected from lizsht and

stored in = cool, dry plece, preferably in a desiccator in

1. - LI TR, ] - - RS P e " cran - e - . 3
benzeneg-dlazc-morcapto)=-nazhtholena, wers rscrystallized
P S e ESN | .. P R | IR -1 o LI . Yy o = g

from 11-ht weiroleun ethier insbead of diethiyl ether. The

compound dsrived Trom p-nltr:nlillne wszs best recryatallized

allowings the btemperature to reach 65°C.

— - * 3 L HES R
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or siigutly nigher. The bsnzene was displaced by washing
the soclid product with technical diethyl other.

The dlazo-thlo~ethers with their structurcs and melt-

I

9 N N 14 L33 .
is) e=-{4-msthoxybonaing=dizze~mersap

m\
25‘-".3‘"\ > -}§=§—3'~<\/L/j i
/

2-(2~-methoxybenzene~diazo-mercapto)-nayblhaiene

[l
b
©
et
..a
’S
«u

ta
ot eported)

o)
.
~

Goiis
{ >"H“§‘SCO MePo 5605"5705000

N/ {Literature: not reported)
5.) 2~(4-methylbenzens-diago-mercapto)-naphihalens {(TDN)
E G i N.D. S7.8-880C.
s ‘ {Literature: nob reporisd)

4,) 2-(2-metuylbenzene~dlazo-mercapto)-naphthalene
CH. &
g L-H:E-S LioPs 43-44°C.
(Literature: not roported)

i)

O"’I‘(m“"s 2':GPO 7005"’7 L:
{Litoraturs: 59.5-80.,5°C.

Refsrenco 23)

b}

5.) 2-{benzene-ilazc-mercapto)-naphthalene (rik

6, 2~{2,indimcthylhenzeneudi&zo-mercﬁpto)~na“muhalévo {XDH)

«<fﬁj>~xxﬁ»37/“w/“j VoPo 43e=dd.5%C
4 ——
{

—en I

7.) 2={4=-chlorcbenzene-diago~norcepte)-naphthalens

61~<C:j>~ﬁzﬁus iHaPe 109.5-110,5%.
(Literature: noo raported)

g {9 wmnl s nbor Almm e gt e
6.) 2-{2-chlcrobenseng~dizgo-nercapbo)-napnihaliens

&
C

s b ®
B R e o de e e - dn e o —
LAVBERLULTS MWL ATV

&

$.) 2=(4-nlirobenzene~diazo-narcapto)-napninaiens
&sﬁ~<Z:j>aﬁxz»s Sefe 123=128Y.0%0.
{Litorotupe: not reported)
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10.) 2-{lwnaphtnelene-dizzo-mercapto)-naphthalene

‘§;=}§“S &{oPo 8405"8500e
(Literature: not reported)

11.) 2-{2-nephthalene-diszo-mercapto)-naphthalene
i‘i=ﬁ"3 Iﬁ-?o 107-108000

{Litsratursc: 1Cl=102°¢C,
Rafsrence 25}

Melting-points of the two diazo-thio-ethers above, which

had been prepared previously by Dunn and Fletchergs, were

considerably higher than the literature values. This is at-

tributable to the faci that ths Dunn and rletcher products

were not recrystallized.

[

o~ - ——

™ -
rel AR SRR T

[ X4
()

De FAEAQOWSULILILG MO LIWG LUF mOaIUTSmonRG o
sivicn Heves

The docompositlon rate of each of the dlazo-thilo-ethers
was neasursd in dilbutyl pithalate solution. It was Intend-
od that each should zlso be measured in uminsral oil solution.

~ £V >

dowaver, several of the diszo-thilc-ebhars were insufllclient-

ly soiuble in mineral oll for messuremsnt, and 1t was neces-
sary Ho use a tesralln~mlporal o1l alxturs In these casses.

Tie rots Tor £-{benzene~diazo=-ugrecarbto)«-naphthalene {PDN)

was CTound to ba very nsarly identical in minerel oll and

3 3 S oy .
steog In o hydrocarbon
O POREPE S T ey D Lo
1€ QYUUOCoPTOOIL B0LVeny

uszd is glven in tie foct-nobtes te Table 2, following,

i
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Sotution Decom

Thio-Et

R-N=N-$ 8

he

osttion of Diazo
ers at 65°C.

Co=0.04 molar

ﬁei.RDecomp. ReiaTive Rate
aTe
o Jt=2.303l03 G <=1 [KEBP)/KMnoi)
- T
Min.O1l | DBP [MinOvi | DBP
K=102| Kx102| K=10% | KxIO?
H, e~ | 388° 5086 | 357 |3.48 i3
cH,
S " 1352°% 4551359 1286 1.3
OCH, b
<3 s>l 591 | 188 a2 a2
Ha e 115 °1 .87 ) 118 | 124 17
Hy,c0< > :.05: 20 | 1.07 | 1.26 1.9 .
{008
<> |{iord| 159 | 1o | 10 1.6
8 087 “l 261 | 090 | 163 30
g 036°] 112 | 037 | 070 3.
ci s
<H | 046”097 | 047 | 06l 2l
ci-<_> 024 1 074 | 0.25 | 047 X
0N~ @25‘”", 048 | = O -~
a. Solvent;30/70b y 3 iz of mun. etl=Tetralin
b, Snﬁvam‘%’ Qﬂ/v@ 7Y ’maw o< rrn, esi=tetralin

<, @ouv«znv,gauaa ETF u Qa&

d.Solvent;pure tat

ralin

Table II
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which gives dscomposition rates for the eleven diszo~thio=-
others in two different solvents.

Decomposition rates of tho diazo-thic-gthors in solu-
tion wers measured by followinz the raie of nitrozon-evolu-

vion manocmstriceally. The apparatus used izshown in flz-
ure S.

One one~tnousandinh of a mole of diasgo~thio-ether was
weighed into the S-ml. glass cup, whlech was nlaced on the
2lase platform sealed to the end of = 24/40 rround- 7laas

stopper as snown. Twenty-five ml. of the solvent was placed

in the hattom o

"

tho wa
s -

tubliug wbove the reaction vessel. ideavy-walloed capillary

D
“,..J
{—)
5
m
i
fe
u]

{iR

tubing connectsd the resction vessel through a ba
ana pressure-tubing connection to s 10/30 joint on the
manometer. The volume of the reaction vecsel was 160 mle,
while the non-thermoststted portion of %the capillary tubing,
including the msnometer to the zerc-line, had = volume of
5.5 nml. The manometer itself wes nede lrom cazillery tube-

Ing, and the change in voluue of the system nrocusiiout an

.y
¢l

sxperinent was necligible., Calculations of error, due both
to volume change and to the difference in tempsrature of
the non~thermostatted portion of the system, were rads and
found to be within the experimentsl error of the messure-
menty.

The solvents used were dlbutyl phihalete, w=insreal 0il,

and tetralin. With either of the first twe, the sysbtom was
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FIGURE 3
MANOMETRIC APPARATUS

2440
PLUG
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Ne2 o/ P HENGAR GRANULE
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BALL BEARING 10/30
| / |
g V. sg—— .\ S
{ P s
| pResSURE TusinG %:

VACUUM

MANOMETER

S
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evacuated and sllowed to come to equillibrlum at asbout five
millimeters pressure. %hen tetralin was used as a solvent,
the starting pressure was about 100 millimeters. Checks
t different sterting p
ature used for the comparisons was 65.3°C.

#when the system was at tempereture and pressure equll-
ibrium, the cup of diszo-thio-ether was dumped into the sol-

vent, zero tims and the prassurs rsading being rscordsd at

the instant of dumping, using a stop-watch. When quilte un-

thio-sther decompessd ln the solld state in the cup befors
Gumping. This 4ifficuliy was sliminsted by placing 3 mi.

of cold solvent, withheld from the amount in the bottom of
the resctlon vessel, in the cup witihh the diuzo-thio-sther.
By working rapldly the assembly could be arranged and ths

P

N~ - AN - oy P e — - - o e ~ i P [ e e S ) ~ o~ e
sacolion suarvad belfore a notlcsebls amouinc Oi GWsSCO

»

tion occurrsd. Although the system, in such czases, was

not &t exact tempesrature equllibrium at The bsginning of

[y

the resction, no irrezularities wers found te occur in the
range of twenty to sighty percent reaction, {rom which the
rate woas ¢alculated.

nsls eh a2 Trow

m -4 - ot e g e 2 - .
‘he reaction viessel wag agitated vigoreusly at a fn

quency of evproximately 2CQ cyeles per minute through &

{AeNCY ) 4 Wi
2 A £ - . ~ T, B A 3 de Lo lia ELIE A P ) ] Ve Ly e Fad
Q/u“iﬂcu emplituds gt the Dobtom of the vassel by maing of

a motor=-eccentric arrangement. The ball~bearing bore the
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load caused by the weight of the reactlon vessel, and the

rubber hose connection absorbed the torque created by the

pendulum motion.
Dscomposition rates were not affected

face =-ares. Jdentleal rates were obtsinsd

by ¢glass sur-

whether the

vessel contained one or one hundred Hengar granules or

five grams of powdered gless. In practice the vessel al-

ways contained powdered gless to fscllitate eculilibration

Q

£ the
was obtained to show that this precaution was necessarye.

iso, it was found that more uniform values of {inal

e

pressurs=changs were obtained if the sclvent, containing

the powdered glass, was de-gassed shortly before beginning

g run. Thls was done by heating for several minutes al-
most to the boiling-point of the solvent at about 2 mm.

pressure, and then allowlng the system to cool below room
temperature while vacuum was maintained.

The decompositions were not autocsatalytic. In one
expariment, ilnvolving decomposition of 2-(2,4-dimethyl-
penzens~-diazo-mercapto)-naphticlene (XDN) in mineral oil,
the rete-constent obtained was U.0389/min. 4 second run
made in exactly the same manner but using as solvent the
golution of cecompositlion pro@uets obtained Ifrom the firat

"

run, gave & ccnstant of U.0883/min. Such a diiference

was well within the experimsntal error of reading the meno-
metar.

gl o~ mena o R - T Py _ I ot L D - U SR S NS D i Flews imnon o~

Ll SULIC LS LALIVOD il USHAL VWAE WL Ly Wcba Lawee o

For example, in
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toe Gecompositicn of 2~(p-methoxybenzene-diazo nercapto)-
naphibhalene (ub¥)} in both minerazl oll and di vubyl plithialate
solution, & first-ordsr rate constant was obtained ss far
as could be ascertained witn tnc preclsion of the messura-
ments. In Figure 4 is shown the duete for decomvnssition o
this compound in dibutyl phthalsate. Fregsure-increasge, in
millimeters of mercury, is plotted versus time. Then the
logerithm oi & function of tne concentration, namely

ef = {APp~AP{}/APp, 1o plotied versus Lime in minutes. If
there wus no netlceasble regulsr curvaiure in ithe latter plot,

and i lhe rescdings were properly spaced witl

4

time, the "most probable vaiue” of the rate-consisnt waa
selected by the msthod of Koseveere®9, If, as in mcst cases~,

L oay SO Sy 0 87 I3
AL Lo aesvoent s

ST AT
there was « slighi, regulew curveturs Lo Lhe plot of log ¢
versus tlwe, an approximsiicn wss wode fon puruoscs of com=
parigcn by piottins tue best straight line througlh the data
in the reuge 20-80 percent Ly the msthod of locst-oguares.
oince only & compurison was 80U and & considcerable nupe
per ol runs were to be made, the Gata was not veici:ted by

T ¥
Tuer¢ault~o5 and

b#
]

tue leborious metiiod sugresbed by nezd en

\.."s.

2370 error In msasurewent of fime wos assuwsd in Lhe use of

tae leusst-squares wethod of coumputabivin. irow the slopse of
e leasuv-squarss straignt Lino, Lie rabe-constent followed.

5¢. ERosevoars: J. Am. CiGm. S0C. 99, 1651 (1ivol)
20e  H&sd and Tueriault: J. Fays. Gheme. 59, 673 (1931);
ibid. 295, 950 (1931)
3 3
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C. Determination of rolymerization-Initiator Activity

'3

Kost of the disgo-tulo-sthers for which decompogi-

tion rates were determined had been previously evaluated

2 P - 3 24
as polymerizetion prometers, using the Fryilng method
T U B TSRS SN S F nnsnmm At klm macardan tolrinme wTasan In
Qi J.UJ-.LUW.L.IAE, CIiG CUOUIDT0 Ul vill 2 Vuw vaVie veaasipn ~n S8 a3

sealed tubes. However, as has besen menitionsd belere, dueé
to insulfficient agitation in tubes, rates determined in
this manner are not relisble. Hence polymerization ratces
et bO¥(. were re-datvermined for itas eleven diasv-inio-

etners concerned, using six-ounce crown-cuiped bottles and

AT LS detia o msamms A~ e macatian by omacna sacnw Ton
EOLLOWLLILEY LS Couilrss i VG FOGU ViVl &) wllliw Vo Quuny %=
total so alida on agwmn rlag of lstax. The ruriiisd di

2. 202G QA ASRCE RS

thio-cthers wsre wsed In bwo diilerent concentrations, viz.,

oo NI mma 1O mmaina D moanicusors ana G007 wmals noR
\J-V.L L—.L‘J.J-v B TR AWV G SINE e Rl s it weleiia EOLES a3

per 100G graus mOLOmSrs.
The rscipe udopted as standard for evaluation of the

gctivivles as poljuerizatlion initlators was as foliows:

sutediond 72 grams
Styrene 28 grems
water 1c0 grawms
30ap o grams

5

Liezo~thio~-ether 43 noved
In practice, in ovdsy to uee six-cuncs boviles, thls recips
was muitiplied by a factor of six-tenblis. oSelf-sealing crown

caps Geéscribed Dy berrison and deincks®l were used, together

- . i Sesorihed
with bae aypodermie syriage sampling devise desceribed 0y
; 42 - el - N, G- m
Houston®Y,  Progress oi the reactlon was destermined period-
QA7 6" NAandT e AT A oo Lal
AN G e b a..)\tu--.b..u)u,i v W W eis i N B P A
e e o Toen B o P i et
AOSGLVE Gwe LGULNLGEL TEHOTE

A 3
-~ PINGIBA
b (oour

from the .3 N
42, Houston: Device for Sampling Latex. Hubber Heserve
Go. Report lio. GR~545, from B. p. soodricn Go.
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leally through the run, Ia ench case, Ly rawovin samples
of the latex. Percentasze conversgion is dest:irmined by meens
of determination of total solids eontent of the 1atéx, ob-
talned by evaporation to dryness of a weighed sample. Assign-
ing & nunerical value to the polywerization rates is some-
what arbltrary since, in many cases, the rate-curvss ware
not linear. HRates were assignsd that represented thie best
avarage rate 1n percent per hour over the earlier ranze of
conversion, hefore the ratae hegan to diminish and tha ourve

to flatten out.

Y. Study ot Decomposition Products

-\ D8Nz ene~ulazo-nercanto)-

48]

Oue woie (204 grams) of

vl -

e Eina T oy - v A e i Y PT P SE
napainalond, Qosignated as ('UN, was QELOLIwOSCU Ll

Y T T~ Ol TAAA e e v s 4
LLog¥d d LTae grooior port of b

identlfied. %“he dlazo~thio-etner was prepared from aniline

and thio=2-naphihcl as deseribed in detail zarlier for

l—-n

2-{p-methoxybenzene-diazo-mercepto)-naphtaaiene (LDN). In

tnls case, however, the coupling was carrisd out in & solu=~

tion of' sccalum carbonate, even thcugn the reaction 1s per-

fectly satlsfactory if csustic is usced as before ihe

F.
-
&
o
o
o
G
O
| aaed
@
]
i
L
¢
)
(]
Q
&

pefore. rurs product proved to be bri
fiutes, walting at 7U.o0-T2°%C.
Tne decomposition was carriad oubt in the 2ll- loss

plzta ecolimmn Just ordior uo

1=200.5%C. {(uncorr.; bein
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Apparatus for Decomposition of
PON(<>N=N-5)) in

. Tetralin
Purified PDN-one mol (264 grams) in tetralin(204-205.5°)-
700 mi.-run into 100 ml. tetrahin in flask. T=I00°C,

I

\\ Y |
A 1 ivter flasK
& (B)

L/

AN 4

N

FIGURE &

o~

(
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in the experlvent.

The one-and-one-half liter flask in which the docompo-
sition occurred was closed to the atmosphere by mesns of
& mercury~-seal stirrer and a mercury bubbler at the outlet
side of the condenser. The enti @ system wasg flushed thor~

ouzhly with enhydrous nitrogen from s tank eonnectsd to the
Ziaay N &

a ) s} =1 AT oAb D A AT o o _ - P |
drcpping-tube {(A). ©on ths outlst sids of the mercury bu cier

(C) were connected two traps in series (D), which were kept
at -70°C. throughout the experiment. At the start, 100 ml.
of Letralin were placed in the flask (B) which was kopt in
an oil-bath at 100°C. The mole of diazo-thio-ether was

£

trailin and this solution was slow-

AL men~aVTaemd 2o M~y - a -
dlssclysd in VvV ide O ULEU

- 3 7.. A E A - e Liw an ae ot
1y {(three hours) dropred ints tha hot tetrallin in tha flaske.

Mltrogen evolved was paszed out through the mercury bubbler
and tiwe two treps. After all the diazo-thio-ethsr soluticn
hod been zdued, the tempersture was maintalned at 100°C.
ror two hours, after which the reaction mixturc was allowed
to cool and stend overnight. Care was taken throurhout to
8vold the Introduction of alr into ths syatem.

the two dry-lce traps were used primirily to trap en-

tr2ined benzons, which was szapscted o Le ovue of ithe crinei-
pel products. A totsl of about 4 wl. of liquid wes found

.
BT

in the first trap and a tracs in the second. Thess were ears-

fully addad to the resetion mixturs.

(u

YRR . B (O L TR I At - ( e . B - ¥ )

4naLysis Ior Thlo-Z-napniliols 4 Sen~mi. aliquot of ithe
: -3 A a0y A e B B ~F et - . NETE R T et
action mixture was sxirvsebted wilh & 4llubte sedlum ayCroxide

solution, Wpon acidificabion ol ths aqueous 1o yer, & very
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faint turbidity indicated no more than a trace of thio-2-
ncphthol. TPltretion of additionali small aliquots 53 the
Xolthoff zmpercmetric technique43 indicated that the en-
tire reaction mixture contained less than C.01 gram of the
marcantan,

Analysis for Zenzene: The entiro roacticﬁ mixture

]
=3

o

i

tile resction products from the sulfides. The velatile
o1l wes dried witk cslcium sulfate and fracticmated through
& lo-plate column. Forty-two and one-half ml. of pure ben-

zene (voiling range §0.0-80.6°C) waa obtained. The dinlitro-

- - - - - o~ s by C L] 0 - o
gderivative meited &t &Y 90°G. {uncorr. ), woile msia~adl-
mldamahansarna malbtas o+ OO Q0N M2 s =3 wamizrmd AP armeans Tane
Llda Vo WN\VLLItsVALW SNt e WY —h A - e A e WS LML AL - N W& N AADE LA Ll 4

resented 0.48 moles, or 48 percent of the teoretical.

Detsrmination oi &,2'«iinaphnthyl Disulfide and raenyl-
2-napithyl Sulflde:

In 1izht petrolsum ether while all the other reacticn-

T N SO T JUSY IO AL S RV PN AT e
products are quite soluvle 1n thal SOLVoilv.e 4Add 0L T8

benzene., Consequantly, @ simple asssy for dinsplthyl
PRI IR SN . [ T 3 ey o - we I - - 2
dizulfide wee bossd upoen these observations. Seveniy-Tive

.y H e e N O S -~ 1 - k S !
srome ol Bho wamy solid wos disscdived in 79 ml. of beiling

4d. Koitholi and Harris: Ustermination of sercapian
in Latex by tmuoerometric Tihrelion. Rubber Hesarva 0.
technical report fio. CK-62, from University of Iinnesota

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



(44)

benzene. Tuis hol solutlion was ther poursd very siowly
into 800 ml. of vigorously agitated petroleum etuer. The
disuliide precipitated almost gquantitatively and wes [il-

tered off, washed tooroushly wlthh ligbt peliclsun etuer,

goirrasponus bu & yield ol 110 graws Ifrow the eulire mix-
ture, or 73 percont ol tae thneoretical. One recrystallize-

tion from venzene geve & melting-point of 137-138°C. The

wilth hydrogen peroxlide 1In glacial acetic acid. It melced

at 100-106°C. aas the literature value is 104-«105°C.
The phenyl-2-napntihyl suliide and any other products

¢f ths preseticn ramelinsd in tas benzans-psirclsum sthar

filtreais from bLhe above separablion. 1ng sclvenl was re-

moved irom thls mixture and the oll remaining was subject-
ed to prolonged steam-distiilation, in order to rewove all
treces Qf tetralin ren:

{ie ether vemoved. The remalning cll was then Glstilled

&t g pressure of 1.0 mn, throu_n &n b-inck columm packed
with plass Lelices. Sixteen yrums oi preduct disciiled

Letween 160° and 2C0° . The literaturs voilin_ -point for

the suvilide is 288°C./1) mm. “he product was an oil which

qdl ¥y ¢rystallized irom methencld upon ccoling with dry-
icz. arter twe recyxystallizailioms frou methancl, tho gure
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%5, oxidatbtlion in glaclal
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cestic seid with cold putassium permanganate yave tio sul-
fone; slistening plales with 2 melting-polnt of 116-117°C.
Literature value is 116-116°C. Sixteen (renms of ine sullflide
froic tne TU-rax sample is equivalent to rifly graus from

the sniire bubteh, or a yieid of 21 percent oi tue theoreti~

Other products: No additionszl products were identifiled

Y’ ¥ 3 X O s~ vy m Al n
elthouzh the abov¥e snalyses isave 65 srams of product unident-

-~ 531 wos not identified, but it was suspected tao
ronteln some dinaphthyl disulflde not senerctad In the pre-

LI e ® AL

sum sthar. Tatralin &imer or nolymer

Mig=-2-napinbhol lrcm Dinopathyl Dilsuliyids: I wes

1

inveresting ©toe cossrve blheo when o ou-grau sanple of the
originul waxy sollia from (Lo virst steam-disitiilation wes
distlilled throuh o 20-inch hellices-pa cked coiwa &b 1 mme
presaurs, thlo-Z-anspibivl w& collected in good yleldd,
when the pobt Lemperaturs reacihed somewhint ebove 2LUSL., &
VIZOorous reacrlion Sn8u.d, snd the cder of hydrogen sulfide
was noticed. 4ruer & time the rewctlon modevetew, and

boe dlscilllotion was continued, Lwenuy-onLg STELS ol prLse

Llcuiey pure thio-2=-nucithol wers eoliccied Lo Pwesn LiU7~

11689G/L pur.  THE LPOGUSE Wod COoNplerudy Sualuad ih oriute,
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agueous caustic, and, aiter precipltztion with acid, the
pure compound melted at ©l-sl.0°C. Literature value was
61%. 10 complete the identification, it was conveited

to 2,¢-dinitropnenyl-2-naphithyl suifide. meliing at 141.5-

-
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wasre ' was clways 2e-pnapbihyl, snd - was an aromatic

el po ) byl o Ivi sl A on dmm X erA n wed A e A A
R S R A ) s VAL MLy o LV L L Ldelive
L - - -
in elactrone atlivity for the elavan compounds. Two
< -

dilfiversnt solvents ware used; ons polar, the oltlsr non-

e e ~ N e o e = e wmmm oom e n e -~ P - PRI S o PR
DOLET . LECUNPUBITICH WAS VEIY Nexrly & IIrgleorasey

e r e i . PN ST . et
recctlon In all casss. Decomyposition rates were hlglier

¢ Decomuvsgition rates corvyeliabe
roughiy withi electrons «iivity of the radical H, with

tug saception ol ortho-substitutsd redicals wiich tend

>

raobions of Initictor In g stendardized forwuls. An

[

s vais ] e E S en e o Tis K ] =1 . Y- Y e S e d
aroltrzry auasricel value Lfor the poly .erizcbion ratae
5, L St e e e SO £ iy DT - l""""”' Lo (37 T LA T o
Ay JdiToa, il Ll we iy Ot SUOLVIIEBT LD LA Phld LE QL.

TNCIURVETTSS Uy CULCCIvie wa Gl 04 LRALLE L0 WLell Vely wsoldve
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of moderate activity are relatively independent of
concentration of initiator, when used in polymeriza-
tions. Ortho~substituted radicels R give initiators

of unexpectedly low sctivity: otherwlse corrslation of

ativity and inftiatoresctivity is fairly
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close.
3. Solution-instability and polymerization~initiator ac~-

tivity are compared for the eleven diezo-thio~-ethers.
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ganic solvent and the products of decomposition iden-

generated by diszo-thio=-sther decomposition strip

bydrugen from tetralin at 100°C.

formed from decompo-

-
-

5. It iz proposed that the radiecal R.
sition oif the diazo-thio-ether Initiator, may initiate
chalns, in emulsion polymerization, by stripping hydro-
gen from a monomer molecule as well as by combining
with it %o form an aectivsted adjunct,

6. It is further proposed that the mercaptan radlcsal,

KE'-S+, formed by the decomposition of the dizzo-thio-

ether, may attain a hlgh enough conceniration, due to

its inherent inactivity, to act as a chain-termlnator

ag well as initiator.
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