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e inactivated by treatinent with either of these
.vl-mercuric reagents no longer gave a nitro-
-usside reaction® and by the close agreement
.und between the concentration of p-chloro-
wreutibenzoic acid necessary to ipactivate the
wnyiase completely and the concentration of sulf-
ydry}® shown to be present in the untreated
wtylase solution, oo

lodoacetamide i§ another reagent which reacts
with sulfhydryl groups. If the hydrogen-ion ac-
uvities of the solutions are kept below pH 8, the
maiction is considered specific for thiol groups.!?
Certain enzymies such as urease® are irreversibly
sactivated by iodoacetamnide while the activity
+ others such as pancreatic amylase!? is not ap-
weciably influenced by this reagent. '

The data given in the last section of Table II,
e typical of the results obtained when g-amylase

(13) {s) C V, Smythe, J. Bisk Chem., 114, 601 (1038). (b} L,
Wicheslia apd M. F. Bchubert, ibid., 108,33 (1034). .,
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was treated with iodoacetamide under conditions
reported to be specific for sulfhydryl groups.'?
The amylase was markedly inactivated under
these conditions and the inactivation was not re-
versed by subsequent treatment of the solutions
with cysteine. §-Amylase resembles urease in
this respect.}* . The results with jodoacetamide in-
crease the evidence that free sulfhydryl groups are
essential to the activity of S-amylase from barley
and from malted barley.
© ' Summary

" The results of experiments with a oumber of
oxidizing agents'and of other reagents which have
been reported to be specific for sulfhydry! groups
confirm and extend previous evidence which leads
to the conclusion that free sulfhydryl groups of
the protein are necessary to the activity of §-
amylase frora barley and from malted bariey.
New Yorx 27, N. Y. Racgrven Novausie 15, 1944
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I’ has beep known since the very begioning of
polymerization studies that light, heat and air
are effective agents for inducing the polymeriza-
lion of certain vinyl compounds.?, For example
\iny) chloridet and vinyl acetate’ may be poly-
Letized by irradiation with ultraviolet light.
Dith these substances also polymerize readil
Spon heating to moderate temperatures, and )
bus been reported frequently that oxygen, ozone
a4 peroxides have & pronounced catalytic effect
pon the rate of this thermal polymerization. In
fact, it has been demonstrated repeatedly that in
(e complete absence of oxygen, many vinyl com-
Mounds either fail to polymerize altogether or the

18 very slow.% . On the other hand it has been
“Stablished that oxygen acts as a marked inhibitor
n the photopolymerization of vinyl acetate.?

This paper is concerned with the elucidation of this
Pparent anomaly and 1its relation to the mecha-
Vsm of polymerization reactions of the vinyl

" type,

The mechanism of the catalytic action of oxy-
.‘I‘,’ﬂ 15 undoubtedly related to peroxide formation,
1 presence of peroxides in mmany vinyl com-
B} The experimental work described bare was carvied out i 1039

| Mechanism of Vinyl Polymerization.. L. Role of Oxygen®
L B?CA&LE..BARNES"." Y

pounids has been observed by various investi. -
gotors.* Moureu and Dufraisse®? clearly estab-
lished that §t s combined oxygen rather than gxy-
gen {tseld whiclf ¢italyzes. the polyn.erization of
acroleill.  Conant!® concluded that the catalytic
Teffect of oxygen in the pressure polymerization of
isopretie is due to the formation of & peroxide.
These conclusions of Moureu and Dufraisse and
of Conant, e al., are undoubtedly of a very gen-
eral nature. During the course of this investiga-
tion no compound containing the vinyl or vinyli--
dene group has been found which does not readdy
form a peroxide upon exposure to air under ordi-
nary conditions; furthermore these peroxides have
all been found to act as pulymerization catalysts.
Less well established 15 the oature of the in- -
hibiting action of oxygen in photopolywierization.
(Iuseewned to the author that this apparent anom-
aly might be explained very simply by assnnuog
peroxide formation to occur in prefercace tu poly-
merization in accordisess with . the ifollowiuyg
écheme ] Qrery,
A1) M4-UVL ~—— M* ,
. (@) (&) M* 4 Oy i MO, (preferred reuction)
(b) M*® 4+ M «—3 MM"* 4+ M ———r MMB", et

. ::j'};:“ suthor was with the Nertua Cmmr.("ﬂ;;-w. Masa. § where M represents the upactivated monomer
ot Bow qupeuced in Britwh Pateot 540,234 (1042). lecule: M* th : t d MOy s
@ A molecule; M*, the active center aud MOy,
Al Labonetnr Bemron e o Fuim Cori Cootral  jeroxide. I must be further assumed ibat the
) Redtenbacuer, daw., €7, 113 (J643); Beumass, ibid,, 168, catalytic activity of the perogide is dne to ity
. tendency to generte M* (or sundor active werrer
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) Sauniang, ibid, 343, 217 (1872).
(8) Stawinger nod Ladteanchiagir, Aaa., 498, 1 "1931), tSuta.
X0 urd Senwalluck, Anw., 688, b (1931, B, L du Pyords
LT Tang {10) Comaut wed Toughery, Tais jovnmas, &2, Lo5d 1901 “om
L T Peua g, 263 (1091
- -

) Standinger, 4oy wiu Sirck, Der., 9B, 1782 (1937).
ourcy aud ipulraase, Ball soc. shun , (4] 38, 1584 (1994
and Caleghinh, Vesn, @iivr sii., 66, 0 W O30,
™ & Co., Ind, Eng. Chom,, 28, 1161 (1980), W) Moursu wad Dulrucas, Casmutry b /adradiy, $1, 8+ (133,
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meicnnel teactivity with oxygen as  those Thus the inhibiting action of axygen (or more v
tormed b {Me setien of uttravinlet light.?? accurately, preferential peroxide formation it ¢
U tienry fequites (a) that peroxides he  presence of ox}'ge_n) appears to be of a VETY fen. &
forrod . vinyl compovnds by the action of ultra-  eral naturc, applying to virtuaily all I‘O‘yﬂlt‘!"-?ahle :
veoied Tight ond 7 that, in the presence of excess  vioyl compounds and to thermal as well as photi.
o e, polvinerizatiofi e ¢ither greatly fee  polymenzation. e ‘
torded, or TETICIV  prevented.  Both "these re- [ (It inay be paointed out that i is this preferentia]
TRTESTT TRV Thoen  substantiated  experi-  peactivity of the activated monomer 1qd1 oxypen ¢
inentelly in the following manner, Two ,{vhich.nmounu for the. erratic induction periog .?"_
tubes were Hiled hadl way with carcfully purified, jobserved when pure monomer is polymerized in &
puride-free, vinyl acetate.  One of these tubes [ the preseuce of air.  The length of this inducting *
was v actmted, holed for a moment to freeifof | period depends upon the amount of oxyeen pres. .

atr, enolod ad fhen sealed nuder vacuum,  The
ether tude was Dished with oxygen and then cons
ser tedd to o large flask filled with oxygen to ensure
a plenaful supply. Both tubes were innnersed
Eorizontally i » water-bath maintained at 0°
o than irradiated with ultraviolet light,  After
twenty-even hours the material in the evacuated
trbe had becomie viseous. Precipitation with
mathanol shuwed the presence of 139, polymer.
‘I'he liquid in the tube under oxygen contained no
poiyiner but a test with a potassium jodide solu-
tion indicated the presence of 0.005 mole %, per-
oxide. Simijar results have been obtained with
methyl acrylate and methyl methacrylate. There-
fare, when suflicient oxygen is present, peroxides
are formed exclusively under conditions otherwise
favorable to phiotopolymerization,

If the foreguing explanation of the action of
oxygen (s valid for photopolviuerization, then(it
should apply to thermal polyinerizatiou as well,
In this case i is a well known fact!? that th
eatalytic activity of the peroxide is due to G
tenidency to generate active centers. These ac-
tive centers then should exhibit the same prefer-
ential reactivity with oxygen as those formed in
the photopolymerization. Furthermore, the pere
oxide should be formed from the monomer and
oxvgen by the action of heat. Both these require-
ments have been fulfilled experimentally,

In one experiment, for example, a sample of
methyl methacrylate was heated at 65° in the dark
in coutact with an oxygen reservoir bearing a
manometer, During a period of twenty-six hours
tihe monomer absorbed oxvgen at a steadily in-
creasing rate. At the end o7 this timedbhad ab-
wriwd twice iis' volume of oxygen (at 65°) and
had not visibly inereased in viscosity. A portion
of the sample, at this point, was placed in a tube
muder mitrogen and another portion was placed in
& situny tube under oxygen. The portion under
nitrogen polymcrized to a solid within a few bours
while no visible change took place in the sample
urndder oxygen. The ordinary benznyl peroxide
catalvzeua thermal polymerization is likewise in.
hilsiced Dy oxypen us shown in Table 1V,

CEIY 41w g onitde that oxyren may mitnel w growing chain at
thev viimes of gl miner 0 e, MMT or MRIMS

o2y Yshnltr woe Hussmann, Z. physik, Chon,, B89, 210 (1038);
Cwhhertson, Gee und Radeal, Proc. Ruy. Soc, (Loudon), 4170, 300
(1039 Melville, Anx. Kepls Chem. Soc., 36, 61 {1030); Price and
well, Towmn Toouwa),, &8, 2768 (1641). ' ’
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If a polymerization is carried out in & vessel

-soft or sowetimes fluid layer at the surfagn of

ent which in tum depends upon sueh eustomaniy”
uncontrolled factors as the design of the container,
the extent to which({{tVis filled, whetber or notiit is

e ——t A

open to the air the two competing reaclions of
peroxide formation from active ceniers' and per-
oxide generation of active centers eventually reach
a delicate bulance. As the concentraticst of per.
oxide builds up the oxygen available may no longer
be adequate to react with all the active cenuers
genierated; therefore the surface layers of the
mouomer exhaust the oxygen supply allowing the
lower portion to polymerize wunder essenually
oxygen-free conditions, catalyzed by a rela.
tively large amount of peroxide. This explana.
tion is consistent with the commonly ohserved

an oOtherwise hard mass of polymer formed by

the polymerization of such monomers as vinyl

acetate or methyl methacrylate in contact with

air, _ .
Experimental

Peroxide Test.—For this work s reliable sensitive test
for peroxide in monomer was required. Several common
reagents were tried sud nowe proved eutirely satisfactory,
Ferrous thiocyunate was found to be much (oo scnsitive
and rapidly oxidized by air. The liberation of iodine fron
acidificd potassium jodide was found o vary warkediy
with differcst batches of the salt, being very sensilive to
variations in the iodate content. By uniug a neutral soly
tion of potassium iodide, most of these difficultics wer A
avoided, aud the test finally adopted was as follows:

To 4 cc. of a freshly prepared saturated soluiion of
reagent grade meutral potassium jodide (contairing less
than 0.00019, iodate) in & 15 ¥ 150 i, tesi-tube was
adided 10 cc. of the liguid containing the perovide. The
contents of the tube were then shaken vigorously for ow
minute. A guanttative estimation of the peroxide present
waus obtained by comparivon of the wellow color of the
liberated fodie with that liberated from known solutions
of recrystallized benzoyl peroxide in the pacticulsr (per-
oxidefree) monnmer. Although a definite end-poiut i
reached, the eventual deepening of the color (caused hy the !
slow liberation of more iodine in the light) made it de- .

(13) U s palymerizatiou (either photo- or thermal) is carried oul in (
& senled tube voder air ftlis very canily demonstrated that exypit
s weed up, Upom wprning the tube under watnr when polymerira: &
tion w coroplete, oue-Nifih the origiaul wir wpace will be filled with
wHieT,

(LAY T im o ecatttended in the case ol 1 al podyvineo s tiog T
peroside in lormed only from active ventera, 1t in fopteindal, b
wver, that in tis cuse also the setive conters, » bather they by hyose!
directly from the monowner or generated Ly the perosvie, do reet
preferentmliy with wxygen, providing ¢ i prwsemt. o sdsusls
"IROGAL. . !
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wig L@ rnloy as wecopdery standards, solutious of
., ‘_ wm deearumare which coulid be diluted to match the
o e vt YETy aicurately. A series of these standards
e mare up 21d matched to the colors produced in the
e naniter from soiutions of known concemtration

. gy Bom 0.0001 to 0.017) of 1ecrystallized benzoyl
marperde ut perovide-free methvl methacrylate.  Higher
!y u entratinns were determined directly, owing to the dif.

~y'ty of matebing the color of these solutions with di-
racrdtye  Ttis easilv possible to detect Jess than 0.0001%
b on ! PEATe by this test,
pusitication of Monomers.—The methyl methacrylate
gut was obtained from du Pont and carcfully distilled
wnaer reduced pressure to remove the hvdroquinone (added
,» ant initihitor) as well as any othur impurities. The
phinos artnaily used were of the type developed for
Lgeventng the forimation of polymer in the column, a de-
e whimn i essential for the distillation of such easily
Taymenr thie eonmigounds /s weth ic acirt and metha-
v anbvrdnde. Uhese enlumns were one inch in diame-
ver wntl theve fret Jong and are packed with copper cloth. W
; It had en previously tsmblishcg that the distilled ma-
nnal exbibited the same polymerization activity as that
cntiiled thiraugh an cight-foot column of one-half inch bore,
packeu with glass helices.) Boiling points obtained at
wactis pressures are 40° (130 mm.), 43° (80 mm.), 39°
13 nm.), and 24° (32 mny).  The material used for the
talowing tests was found to be completely free of peroxides
uy the abuve test,

The vinyl acetate used was obtained from Carbide &
carion Chieinicals Corp. and was distilled in the same man-
net. It was kept dry to avoid hydrolysis and used in
permide-free condition.

Formation of Peroxidea.—It was found that such mono-
sers as methyl acrylate, methyl methacrylate and vinyl

" seetate could be stored in the dark at 0® for several days
- iy contact with air without developing an appreciable

seroxide content.  Under ordinary room conditions (1. ¢.,
wanlnbited monomer stored in a colorless bottle at room
wemnerature in diffuse daylight) a measurable amount of
a renidde is present in less than a day.! Both light and hest
cairibute to the formation of the peroxide under these
~.aditions as shown by Table I. Farmer® has shown,
ance this work was doue, that heat, light and catalysts
aird the formation of peroxides from olefins and axygen.

o

Tams I

YoRMATION OF PEROXIDB IN METHYL METRACRYLA'
Exrosap TO Am AT 27° ! -

"
F mole %
Exposed toa
100-wart bull ‘.
st one oot Dark

1 0.0003 Less than 0.00005
2 0010 . 00008
2 N3R5 0001
5 .030 .00018

By irradiating at 0" a peroxide may be formed by the
~ et of light alune. A comparison of the rates of forma-
“am of peroxide by light and by heat is given in Table IL.
i wid be observed that under the conditions of this experi-
ot hest was more effective than light in causing the
~mnalion of peroxide in methyl methacrylate while the
hveree was true with vinyl acetate,.

Ai attempt was made to isolate the peroxide formed
hotii ile two samples of vinyl acetate.  Upon evaporation
W moyomer under reduced ?rumu about 0,005 mole %,

* A yellow oil was obtained from thg tube under ultra-
«let light und a smaller (unweighed) quantity of & yellow
;v wee ohtained by evaporating the sample w had
v ueated in the dark. Both these oily residues liber-

5 ¥t ivline rapidly from potassium iodide. A small

* " U5 Patent 2.241,178 (1041).
.. Prmer, Bloomfield, Gendmiingham and 5 Trany,
bl Rec, B8, A48 (VMZ). . :

- Tancs IT

Rsm-im Ervicr or Licar AnD Huar GN PEROXIDE

FoRMATION®

Peroxide content, mele %
Uvi., o*C. Durk, 60°C.

Mosomer
Methyl methacrylate 0.002 0.03
Vinyl acetate 0.004 0.001

* Treated for seventeen hours in Pyrex tubes connected
with a 2.liter oxygen reservoir, Heated tubes were kopt
dark by wrapping completely with tinfoil; illuminated
tuhes were immersed horizontally in water maintained at
0° by refrigeration and irradiated at a distance of 15 inches
with a G. E. type A-H4 mercury are lamp with outer glass
removed.

amount of the yellow nil on & spatula was placed in a flame;
it cxploded in much the same manncr ay does benzoyl
peroxide on similar treatment.

Other vinyl compounds in which peroxides were obe
served to form are as follows: methyl and ethyl acrylates;
ethyl, n-propy,, isopropyl, s-butyl, isobutyl, allyl, meth-
allyl and cyclohexyl methacrylate; inethyl a<chloroacry.
late; methyl a-bromoacrylate; acrylonitrile; vinyl isos
butyl ether; vinyl s-propyl ether; methyl vinyl ketone;
and butadiene,

Inkibition of Polymerization by QOxygen.—The inhibiting
action of oxygen in photopolymerization is shows in
Table 11I. The amount of polymer was determined

Tawce I1T t

INEIBITING ACTION OF OXYGEN IN PHOTOPOLYMERIZATION®
Paroxide
CODCE.
Momomer - Atmesplure mole ﬁ
Metbyl methacrylate O . 0.0025 None
Methyl methacrylate Vacuam = ..., "' 5.48
Vinyl acetate " Oy 0.006 . None
Viayl acetate Vacuum cee. - 13.0 !
* Samples were placed in Pyrex tubes which were im-
mersed horizontally in & water-bath maintained at 0*
and irradiated for twenty-seven hours at a distance of &
inches with a type A-H4 G, E. mercury arc lamp with outer
glaas removed. The evacuated tubes were sealed and
those under oxygen were connected with a 2-liter reservoir,

by precipitation with methanol and drying. * The inhibit-

' Polymer, -
v %

Table 1V,

ing action of axygen in thermal polymerization is shown in

TasLe IV

INRIBITING ACTION OF OXYORN IN THE THlRm.(CATA;'

LYZED) POLYMEBRIZIATION OF MBETHYL METHACRYLATR*

Sample Al ' Benzoyl' " G
-, mvwmﬁ:n . Viscosity. ). o -

1 N ' 0 0.01° - Solid polymer -

2 % 0.01 ! | Viscousliquid ' "N
. 8. Oy . . 'Nome.. ,..Nopolymerbut0.001 |,
I . © 1"« mole % peroxide

- ® All three samples were taken from the same bateh of

peroxide-free monomer, and Samples 1 and 2 were pre-

pared as one solution and divided. All were heated at 65°
for four and oue-half bours in the dark. s :

T .
Acknowledgment.—The author!! wishes 'to’

thank Loring Coes, Jr., of Norton Company for

help with the experimental work., . . . ., .

Summary T
An explanation has been given for the frequently
observed inhibiting action of oxygen on the photo-
polymerization of vinyl compounds and same addi-
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[{ConraymyTioN FROM THE DEPARTMENT OF CHmuISTRY, NORTHWESTEAN UNIVERAITY]

Racemization, Alkylsulfuric Acid Formation and Exchange in the Reaction T
Sulfuric Acid-d; and Optically Active 2-Butanol' ', ] '

By RosexT L. BURWELL, JR.I*.

The racemjzation of optically active s-butyl
aleohol by sulfuric acid was recently reported.}
1n this paper further data on this reaction are pre-
sented and a hydrogen exchange reaction is re-
ported which accompanies the racemization when
sulfuric acid-dy is employed. The interrelations
amonig these and the other accompanying reac-
tions, dehydration of the alcohol to butylene and
formation of s-butylsulfuric acid are considered.

Experimental

Materinls,—Tbe preparation of d- and l-2-butanol has
been reported as has the origin aod analysis of the sulfuric
acid.? The rotation of the alcohol in equilibriumn with a
saturated solution of potassium carbonate dihydrate will
be denoted by 8. Such an alcohol contains 3.3, water
and its rotation is 92.7%; of that of the corresponding an-
hydrous alcohol.?

%ullm' trioxide was distilled from 60% fuming sulfuric
aad.

Deuterium oxide (99.5%) was purchased from the Ohio
Chemical Company.

Commercial dioxane was refluxed with 8 M hydrochlorie
acid. After separation by potassium hydroxide and drying
with potassium carbonate, final drying and purification
were effected by fractionation in a 12-plate column of the
Fenske glass-helix type.

Preparation of Barium d-s-Butyl Sulfate

Preparation from Sulfur Trioxide in Dioxane Solution.?
—Into 20 cc. of dioxane cooled in ice, 0.0538 mole of sulfur
trioxide was distilled from fuming sulfuric acid. To this,
0.,0545 mole of d-s-buty] alcohol (8%p +5.20°) was added
at room temperatures. After ten minutes, the reaction
mixture was poured into & suspension of excess barium
carbopate in water. After filtering, the solution was
placed in a distilling flask in water at 35° and aspirated for
six hours during which the volume was reduced from 70
to 18 ec. To this, 14 ce. of water was added and the
volume was reduced from 70 to 18 ce.  To this, 14 ce. of
water was added and the volume reduced aguin to 23.6
cc., a®p +191° Rotations refer to a one dm. tube
save where otherwise noted. One cc. was evaporated and
ignited to yield a residue of 0.2306 g. of barium sulfate,
whence the yield of barium s-buty! sulfate was 0.02345
mole or 875, and [a]%D +4.34° (on the anhydrous salt).
Upot adding water to the solution and reévaporating,
a similar specific rotation resuited, thus demonstrating
the absence of d-s-butyl alcobol. .

Hydrolysic of Barium 4-3-Butyl Sulfate.—To 22.25 cc.
of the solution obtained above was added a solution of
2.4 g. of sulfuric acid is 30 g. of water. The precipitated
barium sulfate was removed by centrifuging. The clear
solution was transferred to a small fractionation apparatus
and so heated that the alcobol-water azeotrope distilled

(1) Presenited at the Buffalo mesting, Septamber, 1043,

(1a) Present sddress, Naval R h Lab v, Wushing
BC ' Iy ! .

(2) Burwell, Tiis Joounar, &4, 1026 (1042), . - .

(3) Suter, Bvans uod Kiefer, 1bid., 80, 538+540 (1938). 'The writer
i indebted to Dr. C. M. Buter (or suggesting this renction. ' * '
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one and one-ball hours. Upon its completi'm, »

passed through the residue to carry over any un;em;\- :
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Preparation from Chlorosalfonic Acid.—To 05 ¢ A
ethylene dichloride, 0.01680 mole of d-2-butany ;7
+520%) was added. To this mixture, kept at .. )
0.0167 mole of chlorosulfonic acid was added. jo'3
gen chloride was evolved slowly and in an bour 4 Ny
layer separated. The reaction mixture was pro. F
like that resulting from the mixture of sulfur trioxide y f‘
hol and dioxane to yield 5.0 ¢cc. of an agueous solyy,.
barium s-butyl sulfate, a®p +0.15°. A one-cc. g,
was hydrolyzed at 100° with the addition of 6 My, «
chloric acid and barium chloride to yield 0.3158 ¢. it
ium sulfate. The direct addition of sulfutic and t,. -
cc. of saraple guve 0.2536 g. of barium sulfate, wheaeep, 3
was 4.1 X 10~ ¢ mole of barium chloride per cc., and 6 7
10~ mole of barium®s-butyl sullate per ce. ] k-
yield was 40%, [a]®p +0.50. In an experimentinyy *
dioxane was substituted for ethylene dichloride as th
vent, reaction was fouud to begin only at 100° agd lni.:,
to a yield of but 79; in an hour and a half, a®0 0.00* +
Preparation from Sulfuric Acid.—A mixtwre «;:,
hutanol (8%p =—2.09*) and sulfuric acid was pres,
in the same way as in earlier racemization studies® (my
alcohol, 0.0525; acid, 0.0338; water, 0.0128). Aftg:”
bours at 26.9° the reaction mixture was poured intoswf’
pension of barium carbonate in water. The resultinga -
ture was filtered and the filtrate was evacuated. Dy,
both processes the exbaust line led through's liquidy;
trap. The initial volume was 60 cc. The final viee;'
was 24.3 cc. “
The condensate in the trap was distilled to isolate 3>’
alcoho] which was recovered over a saturated solutia:v
potassiutn carbouate, 0.0292 mole; §%p = 1.77° .o
Five cc. of the barium s-butyl sulfate solutim w
evaporated and ignited to yield 0.3607 g. of barium m’.>
The rotation of the solution was determined ina2¢!
tube, a®p —0.105°. Whence the yield of bariun
butyl sulfate was 32%, [a|®0 —0.38", and the recwr
of the alcobol was 56%. S
Exchange Reactions - 5
Procedure.—To prepare heavy swifuric acid, s s,
glass apparatus was copstructed consisting of s ¥
containing sulfur trioxide connected to ome outlet #¢*
manifold by a valve patterned after that of Wb~}
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