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PHENOXYMETHYL 2-CHLOROETHYL ETHERS!

By MarsnarL KuLga

ABSTRACT

A series of phenoxymethyl 2-chloroethyl ethers has been prepared for testing
as possible insecticides.

In this investigation a series of phenoxymethyl 2-chloroethyl ethers,
ArOCH,OCHXCEH,CI (I, X = H or CHjy), was prepared for testing as possible
insecticides by alkylating various phenols with 2-chloroethyl (1,2) and
1-chloro-2-propyl (5) chloromethyl ether. The toxic effects of these ethers (I)
on insects is described by Musgrave and Kukovica (3).

It is well known that the halogen atom linked o to the oxygen atom of
chloroethers is more reactive than the g-halogen (2). This considerable dif-
ference in the halogen reactivities was also noted in the reactions between
chloromethyl chloroethyl ether (IT) and sodium phenoxides. ,

When chloromethyl 2-chloroethy! ether (I1) was treated with aqueous or
alcoholic solutions of a sodium phenoxide at room temperature, only a mono-
phenoxy derivative was formed and a higher reaction temperature was neces-
sary in order to form the diphenoxy derivative, ArOCH,OCH,CH,OAr. In
order to establish that the a-chlorine and not the g-chlorine reacted under the
milder conditions, the reaction product (III) of sodium p-chlorophenoxide
and I was heated with sodium 2,4-dichlorophenoxide. The resulting product
(IV) on mild acid hydrolysis yielded p-chlorophenol and 2,4-dichlorophen-

c1©()Na + CICH,0CH,CH,Cl ——— c1©oc1{20cmc1-12c1
II 111

111 + c1<:\>0Na—>c1\/_\OCHQOCHQCHEO@Cl
=l = E?: '

v
HOH > c1<\0H + CIOOCHgCHzOH + CH.0
—/ -/
¢l
v

! Manuscript received August 18, 1954.
Contribution from the Dominion Rubber Company Limited Research Laboratories, Guelph, Ont.
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oxyethanol (V) (4) and not 2,4-dichlorophenol and p-chlorophenoxyethanol,
the products expected had the g-chlorine of II reacted before the a-chlorine.
The wide difference in the degree of reactivity between the two chlorine atoms
of II is further emphasized by the fact that III remains unaltered after boiling
with diethylamine in benzene solution for several hours and requires prolonged
boiling with alcoholic potassium thiocyanate in order to form 2-thiocyanato-
ethyl p-chlorophenoxymethyl ether. Phenoxymethyl 2-chloroethyl ether (I,
Ar = C¢Hs, X = H) is stable in aqueous alkali but resinifies explosively when
warmed with a drop of concentrated hydrochloric acid.

EXPERIMENTAL
Preparation of 2-Chloroethyl Phenoxymethyl Ethers
Method 4

To a stirred solution of sodium (1 mole) in absolute ethanol (1 liter) was
added the phenol (I mole) and then dropwise chloromethyl 2-chloroethyl
ether (1 mole) (1, 2) over about one-half hour, the temperature being kept at
20-25° by cooling. The reaction mixture was stirred for an additional two
hours, the ethanol was distilled off 2n wacuo, and the residue treated with
water. The product was extracted with benzene, washed with sodium hydroxide
and with water. The solvent was then removed and the residue distilled.

Method B

To a stirred solution (or suspension) of sodium phenoxide (1 mole) in water
(200 ml.) was added dropwise chloromethyl 2-chloroethyl ether (1 mole) in
benzene (400 ml.) over about one-half hour, the temperature being kept at
10° by cooling. After the solution had been stirred for an additional two hours
the benzene layer was separated from the reaction mixture, washed with sodium
hydroxide and with water. The solvent was removed and the residue distilled.

TABLE 1

PHENOXYMETHYL 2-CHLOROETHYL ETHERS (ROCH,OCH.CH.Cl) FROM CHLOROMETHYL
2-CHLOROETHYL ETHER AND THE APPROPRIATE PHENOL

ROCH.OCH,CH,CI Analyses
R =
Method Calc. Found
of % M.p. or 20
prep. Yield b.p. np Formula C H C H
Phenyl A 68  bp=123 1.5170 C.Hi0.Cl 57.91 5.94 58.05 6.01
a-Naphthyl A 88  bp=200 1.5912 C;Hi0,Cl 65.97 5.50 66.12 5.51

64  bip=163 1.5072 Cy;H;s0.Cl 64.33 7.84 64.41 7.87
76 bi=150 1.5300 CsH,0.Cl 48.87 4.52 49.22 4.65

50  biy=167 1.5465 C,H,0.Cl; 42.27 3.52 42.62 3.58

p-t-Butylphenyl
p-Chlorophenyl

2,4-Dichlorophenyl
2,3,4,5,6-Penta-

Or QOWeEr Pwre
=3
S

chlorophenyl m.p.=90 CsH:0,Cls 30.08 1.67 30.30 2.11
p-Nitrophenyl 22 m.p.=70 CsHoNO,Cl 46.65 4.32 46.89 4.50
90
2-Methoxy-4-
formylphenyl 30 m.p.=59 CuHi:04C1 53.99 5.32 53.99 5.52
2,4-Dinitrophenyl 6 m.p.=80 CoHaN2OeCI 39.06 3.26 39.32 3.08
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Method C

A reaction mixture of chloromethyl 2-chloroethyl ether (1 mole), dry benzene
(350 ml.}, and the dry sodium phenoxide (1 mole) was heated under reflux for
four hours. Water was added to the cooled reaction mixture, the benzene layer
was separated, washed with sodium hydroxide and with water. The solvent
was removed and the residuc distilled.

p-Chlorophenoxymetiyl 2-(2,4-Dichlorophenoxy)ethyl Ether (IV)

To a solution of sodium (5 gm.) in absolute ethanol (250 ml.) was added
2,4-dichlorophenol (34 gm.) and 2-chloroethyl p-chlorophenoxymethyl ether
(45 gm.) and the resulting solution heated under reflux for 40 hr. About half
of the ethanol was distilled off from the reaction mixture and the residue was
treated with water and extracted with benzene.

The benzene extract was washed with water and the solvent was removed.
Fractional distillation of the residue yielded unchanged p-chlorophenoxy-
methyl 2-chloroethyl ether (21 gm.) and a higher-boiling fraction, b.p.
(0.2 mm.) = 170-172° (27 ¢m.). The latter was a viscous colorless liquid,
nZ = 1.5752. Anal. calc. for CisHi05Cls: C, 51.81; H, 3.74. Found: C, 52.11;
H, 3.60.
p-t-Butylphenoxymethyl 2-p-t-Butylphenoxyethyl Ether

This was prepared in 709, yield as above from p--butylphenoxymethyl
2-chloroethyl ether. It is a colorless viscous liquid, b.p. (12 mm.) = 245-250°,
ni? = 1.5270. Anal. calc. for CeHuuOs: C, 77.54; H, 8.98. Found: C, 77.43;
H, 9.06.

Hydrolysis of p-Chlorophenoxymethyl 2-(2,4-Dichlorophenoxy)ethyl Ether (I'V)

A solution of p-chlorophenoxymethyl 2-(2,4-dichlorophenoxy)ethyl ether
(15 gm.), water (150 ml.), ethanol (150 ml.), and concentrated hydrochloric
acid (25 ml.) was heated under reflux for eight hours. Most of the ethanol was
distilled and the cooled residue was extracted with ether. The ether was re-
moved from the extract and the residue was fractionally distilled. Two main
fractions were collected, fraction 1 boiling at 98-105° (12 mm.) (4 gm.) and
fraction 2 boiling at 160-165° (12 mm.) (7 gm.). Fraction 1 solidified on
cooling and melted at 35° alone or in admixture with p-chlorophenol. It de-
pressed the melting point of 2,4-dichlorophenol. Fraction 2 after crystallization
from benzene melted at 58-59° alone or in admixture with authentic 2,4-
dichlorophenoxyethanol (4).
1,8-bis(2-Chloroethoxymethoxy)benzene

This was prepared in 209, yield by method A using two moles of sodium
and two moles of chloromethyl 2-chloroethyl ether (II) per mole of resorcinol.
It is a colorless liquid boiling at 150-154° (0.3 mm.), nZ’ = 1.5212. Anal. calc.
for CiH1604Cls: C, 48.835 H, 5.41. Found: C, 48.80; H, 5.39.
1,4-bis(2-Chloroethoxymethoxy)benzene

This was prepared in 529, yield by method A as above from 11 and hydro-
quinone, b.p. (0.3 mm.) = 149-150°, nZ’ = 1.5197. Anal. calc. for C3uH;604Cla:
C, 48.83; H, 5.41. Found: C, 48.67; H, 5.31.
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1,4-bis(2-Chloroethoxymethoxy)-2,3,5,6-tetrachlorobenzene
This was prepared in 129, yield by method A from tetrachlorohydroquinone

and II. The white needles melted at 117-118° after crystallization from ethanol.
Anal. cale. for CipH;20:Clg: C, 33.26; H, 2.77. Found: C, 33.24; H, 2.82.

1,2-bis(2-Chloroethoxymethoxy)benzene

This was prepared in 419, yield by method A from II and catechol, b.p.
(0.2 mm.) = 146-148°, #»2’ = 1.5222. Anal. calc. for CyH;60:Cle: C, 48.83;
H, 5.41. Found: C, 48.72; H, 5.18.
1,2,3-tris(2-Chloroethoxymethoxy)benzene

This was prepared in 159, yield by method A from II and pyrogallol,
b.p. (0.2 mm.) = 212-215° Anal. calc. for C;;HaOeCly: C, 44.62; H, 5.25.
Found: C, 44.91; H, 5.24.
p-Chlorophenoxymethyl 2, N-Morpholinoethyl Ether

A solution of p-chlorophenoxymethyl 2-chlorocthy! ether (IIT) (16 gm.),
morpholine (16 gm.), and toluene (100 ml.) was heated under reflux for 24 hr.
The morpholine hydrochloride was filtered and the filtrate was extracted with
dilute hydrochloric acid. The acid solution was basified with sodium hydroxide
and extracted with benzene. Removal of the benzene and distillation of the
residue vielded 14 gm. (or 689%,) of a colorless liquid b.p. (12 mm.) = 196-198°,
n2? = 1.5278. Anal. calc. for Ci3sHisNO:Cl: C, 57.45; H, 6.63. Found: C, 57.27;
H, 6.54.

p-Chloroplhenoxymethyl 2-Dimethylaminoethyl Ether

This was prepared as above from dimethylamine and p-chlorophenoxymethyl
2-chloroethyl ether (III), the reaction being carried out in a sealed bomb at
120-180°. It distilled as a colorless liquid boiling at 149-150° (12 mm.),
nZ = 1.5100. Anal. calc. for CyH ;s NO,Cl: C, 57.51; H, 6.97. Found: C, 57.24;
H, 6.93. The ethiodide melted at 106-107° after crystallization from ethyl
acetate. Anal. cale. for CisHaNOCll: C, 40.46; H, 5.45. Found: C, 40.41;
H, 5.59. The butiodide melted at 86-87° after crystallization from methanol.
Anal. cale. for CisHosNOoCII: C, 43.53; H, 6.04. Found: C, 43.55; H, 6.13.

p-C]zlorophénoxymethyl 2-Diethylaminoethyl Ether

This was prepared as above from diethylamine and III. It distilled as a
colorless liquid boiling at 165-167° (12 mm.), #2’ = 1.5032. Anal. calc. for
CHNOLCl: C, 60.57; H, 7.77. Found: C, 60.68; H, 7.82.

p-Chlorophenoxymethyl 1-Chloro-2-propyl Ether

This was prepared in 63% yield by method A from chloromethyl 1-chloro-
2-propyl ether (5) (CICH,OCH(CH3)CH,Cl) and p-chlorophenol. It distilled
as a colorless liquid boiling at 155-157° (13 mm.), 2 = 1.5210. Anal. calc. for
CipH20:Cly: Cl, 30.2. Found: Cl, 30.5.

p-Nitrophenoxymethyl 1-Chloro-2-propyl Ether

This was prepared in 639, yield by method C from chloromethyl 1-chloro-
2-propyl ether and p-nitrophenol. It crystallized from methanol as white
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prisms melting at 43-44°. Anal. calc. for C(H12NO,(Cl: C, 48.88: H, 4.89.
Found: C, 49.00; H, 4.84.

p-Nitrophenoxymethyl 2-Thiocyanatoethyl Ether

A solution of p-nitrophenoxymethyl 2-chloroethyl ether (12 gm.) and
potassium thiocyanate (6 gm.) in 959, ethanol (100 ml.) was heated under
reflux for 24 hr. Most of the ethanol was distilled off and the residue treated
with cold water. The white solid was filtered, washed, dried, and crystallized
from benzene - petroleum ether. The white prisms melted at 58-59°. Anal.
calc. for C;oH(N.OS: C, 47.26; H, 3.94. Found: C, 46.88; H, 4.05.
p-Nitrophenoxymethyl 1-Thiocyanato-2-propyl Ether

This was prepared as above from p-nitrophenoxymethyl 1-chloro-2-propyl

ether. The white prisms melted at 42-43°, Anal. calc. for Cy;H,O4N,S: C,
49.25; H, 4.48. Found: C, 49.30; H, 4.78.
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SOME CHLORINATION PRODUCTS OF BUTYNE-1, BUTYNE-2,
AND PENTYNE-I!

By A. T. Morse anND L. C. LErrca

ABSTRACT

The following new compounds were isolated from the vapor phase chlorination
of butyne-1, butyne-2, and pentyne-1: 1,1,2 2-tetrachlorobutane, 2,2,3,3-tetra-
chlorobutane, 1,1,2,2-tetrachloropentane, #rans-1,2-dichloro-1-butene, trans-2,3-
dichloro-2-butene, and frams-1,2-dichloro-1-pentene. Dehydrochlorination of
1,1,2,2-tetrachlorobutane and 1,1,2,2-tetrachloropentane gave 1,1,2-trichloro-1-
butene and 1,1,2-trichloro-1-pentene respectively. Partial dechlorination of
1,1,2,2-tetrachlorobutane and 1,1,2,2-tetrachloropentane gave ¢is and trans iso-
mers of 1,2-dichloro-1-butene and 1,2-dichloro-1-pentene respectively. 2,2,3,3-
Tetrachlorobutane gave chiefly frans-2,3-dichloro-2-butene. 1,1,1,2,2-Penta-
chlorobutane and 1,1,1,2,2-pentachloropentane were prepared by chlorination of
1-chloro-1-butyne and 1-chloro-1-pentyne respectively.

In a previous communication (2) one of us reported the preparation of
1,1,2,2-tetrachloropropane and trans-1,2-dichloro-1-propene in 65 and 209,
yields respectively by the vapor phase chlorination of propyne at 50° to 60°C.
These compounds were in turn later used to synthesize others of the Cs
series (3). The successful outcome of this investigation led us to attempt the
chlorination of other acetylenic hydrocarbons by the same method in the
hope of obtaining some hitherto unknown polychlorinated hydrocarbons.
Such studies might also enable us to correlate chemical behavior with structure.
This paper deals with the chlorination products of butyne-1, butyne-2, and
pentyne-1 and some of their reactions.

Chlorination of butyne-1 in the vapor phase at 40°C. gave a 36.59, yield of
1,1,2,2-tetrachlorobutane and 119, of trans-1,2-dichloro-1-butene. Between
these compounds an intermediate fraction was collected over a wide range of
temperature. A second careful fractionation of this mixture gave a product,
b.p. 64-65°C. at 25 mm., which was first thought to be a trichlorobutane.
However, dehalogenation in ethanol with zinc dust gave a mixture of com-
pounds. The original material therefore appears to be a mixture of trichloro-
butanes and/or trichlorobutenes. In addition to these fractions a considerable
amount of distillate was obtained boiling above the tetrachlorobutane from
which no pure compound could be separated. The presence of penta- and
hexachlorobutanes was indicated by the index of refraction of the distillate.

Dehalogenation of 1,1,2,2-tetrachlorobutane with zinc dust in ethanol
gave trans- and cts-1,2-dichloro-1-butene, b.p. 99.5° to 100°C. and 118° to
119°C. respectively. The vield of ¢is isomer was nearly twice that of the trans.
Dehydrohalogenation of the tetrachlorobutane gave 1,1,2-trichloro-1-butene,
b.p. 187°C. The latter compound was also obtained from butyne-1 by the
sequence of reactions:

LManuscript received August 20, 1954.

Contribution from the Division of Pure Chemistry, National Research Laboratories, Ottawa,

Canada. Issued as N.R.C. No. 3439.
Presented at the 87th Canadian Chemical Conference, Toronto, Ontario, Junc, 1954.
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NaOCl 2Cl, —Cl
C,H;C=CH — C,H;C=CCl — C,H;CCl,CCl; — C,H;CCl=CC(l..

The physical constants of the two compounds were identical.

The chlorination of butyne-2 proceeded smoothly at room temperature.
From the first fraction of chlorinated product irams-2,3-dichloro-2-butene,
b.p. 99.5° to 100°C., was recovered in 23.69, yield. At this point the distillation
had to be discontinued on account of the separation of solid from the residue
which was removed by filtration. This product analyzed correctly for a tetra-
chlorobutane and was in fact 2,2,3,3-tetrachlorobutane, m.p. 174°C. The
filtrate from the solid boiled over a wide range of temperature; its index of
refraction indicated that it was a mixture of penta- and hexachlorobutanes.

2,2,3,3-Tetrachlorobutane was dehalogenated with zinc dust in ethanol.
The chief product isclated was a substance b.p. 100°C., apparently frans-
2,3-dichloro-2-butene. Very little of the ¢is-isomer was present. These com-
pounds had been previously prepared by Tishchenko and Churbakov (4) by
removal of hydrogen chloride from 2,2,3-trichlorobutane.

The chlorination of pentyne-1 gave a 19.3%, yield of i{rans-1,2-dichloro-1-
pentene and 15%, of 1,1,2,2-tetrachloropentane. A large amount of by-products
was obtained from which no pure compounds could be isolated.

Dechlorination of 1,1,2,2-tetrachloropentane gave c¢is- and irgns-1,2-
dichloro-1-pentene, b.p. 62° to 62.5°C. at 47 mm. and 49 to 50°C. at 47 mm.
respectively. The proportion of cis- to irams- isomer was in the ratio 2: 1.
Removal of hydrogen chloride from the tetrachloro compound gave 1,1,2-
trichloro-1-pentene, b.p. 74-75°C. at 45 mm. The same compound was pre-
pared by the following sequence of reactions from pentyne-1:

NaOCl 2Cl, —Cly
C;H:C=CH — C;H,C=CCl — C;H;CCl.CCl; — C;H,CCl=CCl..

DISCUSSION

The chlorination of the acetylenic hydrocarbons described in the present
work was much less specific than that of propyne. In all three instances
chlorination by substitution took place to a certain extent as well as by
addition. The formation of substitution products in the case of butyne-1 and
pentyne-1 is consistent with Haas’ rule (1) relating to the ease of substitution
of chlorine for hydrogen in hydrocarbons, viz., that hydrogen is more readily
replaced by chlorine in a methylene than in a methyl group. However, this
does not account for the presence of appreciable amounts of products formed
by substitutive chlorination in butyne-2, and none in propyne. It may well
be that electron mobility in butynes and pentyne is greater than in propyne,
and chlorination by substitution is thus facilitated.

Another curious observation made in the present work is the predominance
of cis-isomer formed in the dechlorination of 1,1,2,2-tetrachlorobutane and
pentane and the almost exclusive formation of ¢rans-isomer in the dechlorina-
tion of 2,2,3,3-tetrachlorobutane. No obvious explanation can be offered for
these results at this time.
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EXPERIMENTAL
Chlorination of Butyne-1

This chlorination was carried out in an apparatus similar to that described
in an earlier paper (2).

Dry chlorine gas and butyne-1 were introduced into the evacuated reaction
flask in the ratio 2: 1. After they were heated to 40°C. with an infrared lamp,
reaction began and proceeded smoothly at 55° to 60°C. without further external
heating provided that the correct ratio of the gases was maintained. The liquid
product collected in the trap at the bottom of the reactor. Under these con-
ditions, 32.5 liters of butyne-1 were chlorinated in 12 hr. The crude product
was shalen twice with 100 ml. of dilute sodium bicarbonate solution and finally
washed with water. After drying over potassium carbonate, the dry product,
weighing 227 gm., was fractionally distilled under reduced pressure.

Fraction I was collected over the range 23° to 28°C. at 27 mm. When
refractionated through a Stedman column (12 in. X 3/8 in.) at atmospheric
pressure, 15.8 gm. of trans-1,2-dichloro-1-butene were obtained. Yield 11.3%,
b.p. 99.5° to 100.5°C., »? 1.4522. Fraction II (35.0 ml.) distilled over the range
31° to 85°C. at 25 mm. When carefully refractionated, a sample of 12.0 ml
with constant boiling point (64 to 64.5°C. at 25 mm.) was collected. This
material is probably a mixture of trichlorobutanes and/or trichlorobutenes.

Fraction III consisted of 80.0 gm. of 1,1,2,2-tetrachlorobutane. Yield
36.5%, b.p. 85° to 85.5°C. at 25 mm., #2’ 1.4908; calc. for Cl, 72.39%, found,
72.179%,. Fraction IV consisting of 8.0 ml. distilled over the range 88° to 105°C.
at 25 mm., #% 1.5000. Fraction V (13.5 ml.) was collected at 105° to 106.5°C.
at 23 mm., »%’ 1.5074. Fraction VI (4.0 ml.) distilled at 108° to 117°C. at
25 mm., #2 1.5102. Fraction VII (10.0 ml.) distilled at 119° to 121°C. at 24
mm., 3 1.5162.

cis- and trans-1,2-Dichloro-1-butene

1,1,2,2-Tetrachlorobutane (69.0 gm.) in 25 ml, of ethanol was added drop-
wise to a refluxing mixture of 30.0 gm. of zinc dust in 200 ml. of ethanol.
After refluxing for 30 min. the reaction products were distilled off as azeotropes
through a Stedman column. The distillate was washed with water and dried
by distilling on the vacuum line through a U-tube filled with P,0;. The
isomers were separated by fractional distillation through a Stedman column.
The total yield was 80.09%. The trans-isomer weighed 12.6 gm. (379 of the
total), distilled at 100° to 101.0°C., #Z 1.4526; calc. for Cl, 56.73%, found,
55.809,. The cis-isomer weighed 21.5 gm. (639 of the total) and distilled at
118.5° to 119.0°C., 72 1.4598.
1,1,2-Trichloro-1-butene

1,1,2,2-Tetrachlorobutane (20.0 gm.) and calcium oxide (6.0 gm.) in 100 ml.
of water were refluxed for eight hours. The yield of 1,1,2-trichloro-1-butene
which distilled off as an azeotrope was nearly quantitative. After drying over
calcium chloride, the halide was distilled through a Stedman column. It
boiled at 137.0°C. at atmospheric pressure (58° to 58.5°C. at 46.0 mm.), #nZ
1.4816; cale. for Cl, 66.719,, found, 66.06%.
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1,1,1,2,2-Pentachlorobutane

1-Chlorobutyne-1 (15 gm.; prepared as in Ref. 3) was dissolved in 25 ml.
of methylene chloride in a 100 ml. flask. The latter was fitted with a cold
finger condenser filled with dry ice. Chlorine gas (28.4 gm.) was slowly dis-
tilled into this solution which was allowed to stand in the dark for four hours.
The colorless solution was fractionally distilled at reduced pressure through a
Stedman column. 1,1,1,2,2-Pentachlorobutane distilled at 102-103.5°C. at
25 mm. Yield 25.6%, »n2 1.5096; calc. for Cl, 76.95%, found, 71.03%. A
sample of this compound added to zinc dust in ethanol gave a product identical
with 1,1,2-trichloro-1-butene reported above.

Chlorination of Pentyne-1

Pentyne-1 (122 gm.) was placed in a 200 ml. flask, which was connected to
the same apparatus as was used in the chlorination of butyne-1. The pentyne
and vacuum line leading to the reaction flask were heated to 45°C. in order to
keep the vapor pressure of the compound slightly above one atmosphere. By
this means it was possible to feed it into the reaction flask as a vapor, in which
form it reacted with the chlorine. As soon as the gases mixed chlorination
began without external heating. Reaction temperature fluctuated between
45° and 50°C. On several occasions flashes occurred during the chlorination
but these were neither dangerous nor did they retard reaction; they merely
deposited carbon on the walls of the flask. After eight hours the pentyne was
all reacted. The crude product (236 gm.) was treated in the same manner as
described for the lower homologue. After drying it was fractionally distilled
through a Stedman column.

Fraction I consisted of 51 gm. of unreacted pentyne-1.

Fraction II was collected over the range 31° to 51°C. at 24 mm. When
refractionated at atmospheric pressure, 28.0 gm. of trans-1,2-dichloro-1-
pentene were collected. Yield 19.39, b.p. 124.5-125°C. (48° to 49°C. at
47 mm.), n201.4556.

Fraction III was a mixture of chloro compounds from which no single
compound was isolated.

Fraction 1V was 1,1,2,2-tetrachloropentane. It distilled at 95-97°C. at
23 mm. Yield 33.0 gm. (15.3%), n2° 1.4887; calc. for Cl, 67.61%, found,
66.619.

A high boiling residue of 30 ml. remained but no pure compound was isolated
from it.
cis- and trans-Dichloro-1-pentene

1,1,2,2-Tetrachloropentane (20.6 gm.) in 10 ml. of ethanol was added to a
suspension of 10 gm. of zinc dust in 60 ml. of ethanol. The reaction products
were distilled off as azeotropes and dried over calcium chloride. The yield of
dry product was 13.0 gm. (959,). The two isomers were separated by careful
distillation. trans-1,2-Dichloro-1-pentene distilled at 49-50°C. at 47 mm.
Yield 4.0 gm. (34.8%, of total), #2° 1.4552; calc. for Cl, 51.00%, found, 50.98%,.
The cis-isomer, 7.5 gm. (65.29, of total), distilled at 62-62.5°C. at 47 mm.,
n2 1.4614; cale. for Cl, 51.00%, found, 51.049%,.
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1,1,2-Trichloro-1-peniene

This compound was prepared by adding 7.2 gm. of 1,1,2,2-tetrachloro-
pentane to a mixture of 3.0 gm. of calcium oxide in 50 ml. of water. The dry
1,1,2-trichloro-1-pentene distilled at 74-75°C. at 45 mm. Yield 4.1 gm. (709%,),
ni 1.4798; cale. for Cl, 61.31%, found 61.239%,.
1,1,1,2,2-Pentachloropentane

Dry chlorine gas (0.80 mole) was slowly distilled into a solution of 40.0
gm. (0.39 mole) of 1-chloro-1-pentyne in 40 ml. of methylene chloride in the
dark. The 1,1,1,2,2-pentachloropentane, fractionated through a Stedman
column, distilled at 83-84°C. at 7.00 mm. Yield 44.8 gm. (47.2%,), »2* 1.5062;
cale. for Cl, 72.539,, found, 70.539%.

A sample of this compound treated with zinc dust in ethanol gave a product
identical with 1,1,2-dichloro-1-pentene described above.

Chlorination of Butyne-2

Butyne-2 (45 gm.) was placed in a 100 ml. flask, and the flask connected to
the chlorination apparatus. The hydrocarbon was heated to 32°C. at which
it had a vapor pressure slightly above one atmosphere. Chlorine and butyne-2
were fed into the evacuated reaction flask in the ratio 2: 1. Reaction began at
once and proceeded smoothly at 36-38°C. The liquid product collected in the
receiver at the bottom of the apparatus. There was also evidence of solid
product forming on the walls of the reaction flask.

After 10 hr. all the butyne-2 had been added and the product was [raction-
ated without further treatment through a glass helices packed column.

Fraction I consisted of 4.0 gm. of unreacted butyne-2.

Fraction II was composed of 21 gm. of irans-2,3-dichloro-2-butene. Yield
22.09%, b.p. 98° to 100°C., #¥ 1.4570.

A solid began to separate in the fractionating column and distilling flask
shortly after the apparatus had been evacuated. The flask was cooled to
—20°C. and the solid filtered off. A sample recrystallized from pentane gave
pure 2,2,3,3-tetrachlorobutane. Yield 25 gm. (16.89,), m.p. 171.5-174°C.;
calc. for Cl, 72.389, found, 71.9497,.

A high boiling residue of 34 gm. remained from which no pure compound
could be isolated. It appeared to be a mixture of penta- and hexachloro-
butanes.
cts- and trans-2,3-Dichloro-2-butene

2,2,3,3-Tetrachlorobutane (28 gm.) in 200 ml. of ethanol was added to a
refluxing mixture of 15 gm. of zinc dust in ethanol. After reaction was complete
the products were distilled as azeotropes with ethanol. About 200 ml. had to be
distilled before all the halide had distilled. The distillate was worked up in the
usual manner. The total yield was 609,. The irans-isomer weighing 9.1 gm. -
(909% of the total) distilled at 99-101°C., #2* 1.4582. The cis-isomer weighed
1.2 gm. (109 of the total), distilled at 124-126°C., n2® 1.4672.
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ANTITUBERCULOUS ISONICOTINYLHYDRAZONES
‘ OF LOW TOXICITY?

By A. ZuBrys AND C. O. SIEBENMANN

ABSTRACT

In a search for antituberculous compounds of low toxicity, the isonicotinyl-
hydrazones of monohydroxybenzaldehydes and of the corresponding aldehydo-
phenoxyacetic acids were prepared. When tested iz vivo, the isonicotinylhydra-~
zones of 2-formyl-phenoxyacetic acid and of 6-methoxy-2-formyl-phenoxyacetic
acid showed the most marked antituberculous activity combined with low tox-
icity. The preparation of 6-methoxy-2-formyl-phenoxyacetic acid and of the
isonicotinylhydrazone of 2-formyl-phenoxyacetic acid are described as repre-
sentative examples. The results of microanalysis include data which define the
antituberculous isonicotinylhydrazones of 2-hydroxybenzaldehyde, 4-hydroxy-
benzaldehyde, and 2-hydroxy-3-methoxybenzaldehyde (o-vanillin).

INTRODUCTION

Following the discovery of the antituberculous activity of isonicotinic acid
hydrazide (isoniazid) by Grunberg and Schnitzer (5) and by Bernstein ef al.
(1) we recorded the marked therapeutic action in the experimental tuberculous
infection in mice of isonicotinylhydrazones of hydroxy substituted benzalde-
hydes (8). As a representative example of this group of compounds the iso-
nicotinylhydrazone of 4-hydroxybenzaldehyde (I) was studied more closely (7).

CO—NH—N=CH

AN /'
\I

7
AN
4

N

The low toxicity in mice shown by (I), as well as by isonicotinylhydrazones
of other monohydroxybenzaldehydes, encouraged us to extend our research
in this field.

As the in vitro antituberculous activity of (I) approaches that of isoniazid,
it was considered likely that the limited 4 wiwo activity of this compound, as
compared to that of isoniazid, may in part be due to its low solubility. It
appeared desirable, therefore, to introduce suitable modifications in the
molecular structure to render this type of compound more soluble. On the
basis of this idea we have prepared, as starting materials for isonicotinyl-
hydrazones, a series of aldehydo-phenoxyacetic acids, namely:
4-formyl-phenoxyacetic acid (3) from 4-hydroxybenzaldehyde,
2-formyl-phenoxyacetic acid (2, 6) from salicylaldehyde,
6-methoxy-2-formyl-phenoxyacetic acid from o¢-vanillin (2-hydroxy-3-meth-
oxybenzaldehyde), and

1 Manuscript received August 16, 1954.

Contribution from the Connaught Medical Research Laboratories, University of Toronlo,
Toronto, Ont.
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2-methoxy-4-formyl-phenoxyacetic acid (4) from vanillin (4-hydroxy-3-meth-
oxybenzaldehvyde).

One of these acids, namely, 6-methoxy-2-formyl-phenoxyacetic acid (I1) was
unknown,

CHO

7 \—0—CH,—COOH
N —OCH;

II

The isonicotinylhydrazones of all four above-mentioned aldehydophenoxy-
acetic acids, when tested in mice, showed a consistently higher antituberculous
activity than the isonicotinylhydrazones of the corresponding unsubstituted
hydroxybenzaldehydes. The best results were obtained with the isonicotinyl-
hydrazones of 6-methoxy-2-formyl-phenoxyacetic acid (I11) and of 2-formyl-
phenoxyacetic acid (IV).

CO—NH—N=CH CO'—NH—N=(]2H
7 | /KI—O—CHg—COOH % \, 7 ‘—O—CH2~COOH
\) \ OCH: \) N
N N
111 v

The marked antituberculous activity of these two compounds, mentioned
in an earlier communication (9), is of the order of 35-509, of that of isoniazid,

TABLE 1
Analysis, %
M.p., °C. Empirical Calc. Found
Compound uncorrected formula
C H N C H N
6-Methoxy-2-formyl- 118 =121  C1oH 405 57.14 4.79 57.02 4.83
phenoxyacetic acid (IT) 56.89 4.68

Isonicotinylhydrazones of:

4.Hydroxybenzaldehyde* (I) 287-287.5 CH1iN3O.-H,O 60.22 5.05 16.21 60.18 5.00 16.09
2-Hydroxybenzaldehyde 238-240  Cy3H1iN30» 64.72 4.59 17.42 64.52 4.43 17.29
4-Hydroxy-3-methoxy-

benzaldehyde* 223-224 CyHupN;O;H0 58.12 5.23 14.53 58.04 4.86 14.50
2-Hydroxy-3-methoxy-

benzaldehyde 227-228  C1HuN;O3 61.98 4.84 15.49 62.00 5.00 15.09
6-Methoxy-2-formyl- 233-234  CsHuN:OsH20 55.32 493 12.1 5500 4.88 12.30

phenoxyacetic acid (I1I) 55.19 4.98 12.16
2-Formyl-phenoxyacetic 247-248  Cy;HuN;Oq4 60.19 4.38 14.03 59.98 4.20 14.32

acid (IV) 60.10 4.39 14.14

*Dried in vacuo (14 mm.) at 75°.
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and deserves special attention on account of the low toxicity which both
compounds exhibit in laboratory animals. The acute oral toxicity of (III),
when tested in mice, is less than ¢y, and that of (IV) less than 3%, of that of
isoniazid.

In the experimental part the synthesis of 6-methoxy-2-formyl-phenoxyacetic
acid, 2-formyl-phenoxyacetic acid and its isonicotinylhydrazone are described
as representative examples. The results of microanalysis (Table T) include
data defining the antituberculous isonicotinylhydrazones, prepared by us in
1952, from 4-hydroxybenzaldehvde, 2-hydroxybenzaldehyde, 2-hydroxy-3-
methoxybenzaldehyde, and vanillin. These hvdrazones were prepared using
essentially the same procedure as for the isonicotinylhydrazone of 2-formyl-
phenoxyacetic acid. The biological properties of all above-mentioned com-
pounds are the subject of a separate communication (10).

EXPERIMENTAL PART
6-Methoxy-2-formyl-phenoxyacetic Acid (1)

To a solution of 45.6 gm. (0.3 M.) of 2-hvdroxy-3-methoxybenzaldehyde in
100 ml. of ether, 25 gm. of sodium hydroxide dissolved in 50 ml. of water were
added slowly while the solution was cooled and stirred. To this mixture a
solution of 28.35 gm. (0.3 M.) of chloracetic acid in 30 ml. of water was added
in the same way. The ether was removed and the mixture heated under reflux
for two hours at 120-125° C. (oil bath temp.). The resulting solution was
cooled, diluted with water, acidified with hydrochloric acid to Congo red, and
allowed to stand for three hours at room temperature. The precipitate which
formed was filtered, dissolved in sodium bicarbonate solution, and extracted
with ether. The aqueous layer was acidified to Congo red and left in the cold-
room for two hours. The precipitated impure 6-methoxy-2-formyl-phenoxy-
acetic acid was crystallized from boiling water. Yield: 20 gm., m.p. 111-
114.5° C. After two recrystallizations from benzene the m.p. rose to 118-121° C,

The 6-methoxy-2-formyl-phenoxvyacetic acid crystallizes from benzene in
white needles and has the characteristic properties of an aldehydo-carbonic
acid. It reduces ammoniacal silver nitrate solution, gives a violet coloration
with Schifl’s reagent, forms a hydrazone with isonicotinic acid hydrazide, and a
thiosemicarbazone with thiosemicarbazide. It dissolves slowly in sodium
bicarbonate solution with climination of carbon dioxide. The acid is easily
soluble in ethanol, methanol, acetone, ethylacetate, amvlacetate, cther, acetic
acid, dimethylformamide, hot benzene, and hot water.

2-Formyl-phenoxyacetic Acid

This acid was prepared in a similar way as G-methoxy-2-formyl-phenoxy-
acetic acid. The final product was crystallized from water. From 36.6 gm. of
salicylaidehyde the yield was 25 gm., m.p. 130-132° C.
Isonicotinylhydrazone of 2-formyl-phenoxyacetic Acid (IV)

A hot solution of 13.7 gm. (0.1 M.) of isonicotinic acid hydrazide* in 100 ml,

*For the synthesis of isonicolinic acid hydrazide a generous inthial supply of isonicolinic acid
was obtained through the courtesy of Fine Chemicals of Canada, Lid.
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of water was mixed with a hot solution of 18 gm. (0.1 M.) of 2-formyl-phenoxy-
acetic acid in 120 ml. of ethanol, heated for 15 min. under reflux, and allowed
to stand in the cold-room over night. The slightly vellowish precipitate which
formed was filtered, washed with water, ethanol, acetone, and dried. Yield:
29 gm., m.p. 246-248° C. An analytical sample, recrystallized from 759
ethanol, had m.p. 247-248° C.

The hydrazone is soluble in dilute sodium bicarbonate solution; it reduces
ammoniacal silver nitrate solution.
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A NEW MATERIAL AND TECHNIQUES FOR THE FABRICATION
AND MEASUREMENT OF VERY THIN FILMS FOR USE IN
47-COUNTING?

By B. D. PaTe? AND L. YAFFE

ABSTRACT

A new method for preparing thin films for use in beta-spectrometry and 4r-
counting is described. These films, made of polyvinylchloride-acetate copolymer
are readily prepared with superficial densities as low as 1 pgm. per cm.? The films
have good tensile strength and show excellent resistance to acids, alkalies, and
many organic reagents. The thickness of the films may be determined (a) gravi-
metrically, (b) radiometrically, and (¢) optically either by transmission or reflec~
tion. The films can be made conducting by distilling a thin gold layer on to them.
The thickness of the gold layer can be determined spectrophotometrically.

INTRODUCTION
In the course of work in this laboratory (to be published shortly) on the

~ improvement of the accuracy of disintegration-rate determinations by 4z

gas-ton counting, it became necessary to develop methods for producing films
of synthetic resin of superficial density much lower than hitherto reported.
This paper reports the successful fabrication of films of good chemical and
mechanical stability, of superficial densities down to below 1 wgm./cm.?
(thickness < 7.mu) and of area up to 100 cm.?

Materials used for the production of source-mounts for the purposes of 4r-
counting or beta-spectrometry must satisfy a number of criteria. They must
be of:

(@) minimal superficial density and low average atomic number, in order to

reduce absorption and scattering of radiation;

(b) adequate mechanical strength to withstand shocks received during
normal, careful handling and the pipetting out of radioactive solutions;

(¢} adequate chemical resistance to reagents present during the rapid
evaporation of these solutions, e.g. under infrared irradiation;

(d) adequate thermal resistance to withstand infrared irradiation during
this evaporation procedure and during metallizing procedures if these
are required (see later).

The use of a number of materials has been reported in the literature, Alu-
minumn foil has been used (3, 4, 5, 6, 20, 21) in superficial densities as low as
260 pgm./cm.? (19). Such foils will however be very weak mechanically, and
in addition aluminum does not exhibit very good chemical resistance to acids
or alkalies. Certain synthetic resins have been found to lend themselves to the
fabrication of thin films suitable for source mounts and have been used exten-
sively with conventional low-geometry counters and in beta-spectrometry
where back-scattering effects were to be minimized (7, 15). Formvar (7, 9, 22),

*!Manuscript received August 18, 1954.

Contribution from the Radiochemistry Laboratory, Department of Chemastry, McGill University,

Montreal, Quebec, with financial assistance from the National Research Council of Canada.
2Holder of a National Research Council Studentship.
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a polyvinylformal, has excellent mechanical properties, being strong and
resistant to abrasion (8, 16, 17). A method (2) to produce films of less than 10
ugm./cm.? superficial density by means of very specialized handling techniques
has recently been described. Unfortunately Formvar is readily attacked by
acids, concentrated alkalies, and organic solvents. It has however found
application in laminates with films of polystyrene or Zapon (8, 10, 13) which
possess better chemical properties, but are alone too fragile.

Cellulose nitrate (1, 11, 14) and acetate (19) are probably the most successful
of the materials used up to this time. They are resistant to hydrochloric acid in
all concentrations, oxidizing acids in concentrations up to 12 N, and dilute
alkalies. They are attacked however by concentrated alkalies, and other
substances, e.g. an aqueous slurry of a metallic sulphide. Films of these
materials with a superficial density of as low as 3 ugm./cm.? have been reported.
However these are of small area, and it is found that films of less than 40 ugm./
cm.? do not make satisfactory mounts owing to increasing fragility which
impedes their manufacture, handling, and use during pipetting operations.

When it is desired to work with source-mounting films of 5-10 pgm./cm.2,
therefore, it is clear that a material with much better characteristics is required.
We propose the use of VYNS resin* (a polyvinylchloride-acetate copolymer).
Films of this material can be made with superficial densities below 1 pgm./cm.?
These show remarkable tensile strength, and excellent chemical resistance to
acids and alkalies in all concentrations and to most organic solvents. The only
common chemicals found to attack the films are ketonic compounds and esters
which act as solvents for the resin. These properties, together with resistance
to all but the severest of shocks, make VYNS resin an ideal material for source
mounts.

PROCEDURES
(1) Film Production

VYNS resin as supplied by the manufacturers is a finely ground white
powder. The most convenient solvent is found to be cyclohexanone, one
volume of resin requiring about two volumes of solvent for complete dis-
solution. First addition of solvent to the resin produces a gel, which dissolves
in further solvent only slowly in the course of several days. The process can
however be accelerated somewhat by maintaining the mixture at 50-60°C. for
several hours. The saturated solution thus obtained forms a convenient stock
solution. This is diluted with further cyclohexanone before use to give a one-
third saturated solution.

VYNS in cyclohexanone does not spread satisfactorily on a water surface,
and dilution with a second solvent produces on evaporation very weak and
uneven films. The conventional techniques for film formation are therefore
not applicable, and a new method has had to be developed. This is found to

*This material is a product of the Bakelite Co. N. V., available in Canada through Canadian
Resins and Chemicals Lid., Montreal. We are indebted to Mr. I. Maclaine of Dowminion Oilcloth

and Linolewm Lid. for introduction to this material, and to Mr. F. M. King of Canadian Resins
and Chemicals Lid. for a supply of the resin for experimental purposes.
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produce films whose constancy of thickness is better than previously obtain-
able, and possesses the additional merit of improving the tensile strength of the
thinner films, possibly by orientation of polymer molecules.

The procedure used is as follows. A trough or sink is filled with water at room
temperature and a floating wooden barrier placed in contact with one end. One
to two milliliters of resin solution are pipetted between the barrier and the
trough, so as to wet both the side of the trough and the barrier; the latter is
released and the resin solution allowed to expand into a band about 2-3 cm.
wide, the outer edge (nearest the barrier) of which immediately begins to
solidify. The barrier is lifted from the water, lowered lightly on to the solidified
film, and then moved away along the water surface at a speed of about 30-40
cm. per second. During this process a film of resin is observed to feed out of the
solution band, and continues to do so covering the water surface, until either
the barrier reaches the far end of the trough, or the band of solution is ex-
hausted. The thickness of ilm produced is governed by the speed at which the
barrier is pulled out, the thinnest films being obtained with the highest speeds.
The evenness of the film in one direction is conditioned by the evenness of the
original pipetting operation, and in the other by the constancy of barrier
velocity. Success in operation of this procedure is largely a matter of manual
dexterity, which can easily be obtained.

The film produced is quite dry and may be lifted from the water surface for
use immediately. The lifting may be accomplished by the use of wire frames
(coated with VYNS to give better film adhesion) which allow larger areas of
film to be obtained, e.g. up to 40 cm. X 20 cm. of 10-20 pgm./cm.? film.
The film may then be transferred to other supports which have previously
been wetted with water. Alternatively the supports, in our apparatus alu-
minum annuli of area 40 cm.?, may be used to pick up the film directly, 30 or
40 rings being covered in one operation. In either case the support or frame is
lowered to contact the upper surface of the film, the latter torn away at the
edges, and the film lifted with a rolling motion, one edge separating first. This
procedure often gives a film completely free of water droplets. Any that may
be left can be cautiously pulled to the edge of the film with a wisp of absorbent
material. An alternative procedure useful for the thinnest films is to sink the
film and support carefully and to bring them out through the water surface
at right angles, reducing the effect of surface tension forces. Marks remaining
after evaporation of water droplets left by this procedure may be avoided by
dipping the film on edge below the surface of some distilled water. VYNS is
hydrophobic, and films produced by this method, once any adhering water is
removed, are quite dry and ready for use. No appreciable change in weight is
observed over long periods of time, either with plain films or after metallizing
(see later).

This simple technique as described is suitable for the production of uniform
films of up to 20 ugm./cm.? superficial density. Films of greater thicknesses are
conveniently produced by lamination, two films placed in contact adhering
readily; laminates of greater than 100 ugm./cm.? and quite even in thickness
have been made in this way. Alternatively one can use a mechanical means of
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ensuring constant barrier speed to produce the thicker films. The manual
method does not operate too satisfactorily in this region.

It is standard procedure in this laboratory to store films on edge. This
arrangement renders the stock of films less liable to damage by vibration, and
further allows a large number of films to be stored in a small space.

(2) Measurement of Film Superficial Density

For the purposes of 4w-counting and beta-spectroscopy it is desirable to
know the superficial density of the material used as a source mount. Four
methods have been found useful in this connection.

(a) Optical Reflection Method

As is well known, thin films are often observed to be brilliantly colored by
reflected light, owing to the occurrence of interference and reinforcement
between the light reflected from the top and bottom surfaces of the film. The
conditions for reinforcement and destructive interference for light of wave
length X are given by:

reinforcement:(n+3)A = 2ud cos 6,

destruction: #\ = 2ud cos §
where u is the film refractive index (for VYNS = 1.5), d is the film thickness,
6 is the angle of reflection, and # is an integer. The wave lengths for which
interference is expected for various VYNS film thicknesses with normally
incident light, together with the color actually observed, are listed in Table 1.
The effects observed below 10 ugm./cm.? are due to a falling off in reflectivity
of the film.

TABLE I
Wave length Wave length
for for destructive
Superficial Film reinforcement interference Color
density of film thickness calculated calculated observed
(ugm./cm.?) (mpe) (mu) (mp)
1 7 (14) 21) Dark gray
5 36 (72) (108) Light gray
10 70 (140) (210) White
20 140 280 . 420 Light yellow
25 180 360 540 Yellow-brown
30 210 420 630 Purple )First
35 250 500 750 Blue order
40 290 580 870 Yellow (spectrum
45 320 640 960 Red J(n=1)
50 and 360 and —_— — Second order and
above above above (2 > 2).
Colors of
diminishing
intensity

We have used these color differences, as observed visually, for the rough
sorting of films of differing thicknesses, and especially for the selection of areas
of film of the desired thickness and evenness for lifting from the water surface.
It is clear that this could be made into a precision method, if desired, by use of
a spectrophotometer with a reflection attachment.
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(0) Gravimetric Method

A five decimal place analytical balance is capable of measuring the superficial
density of 40 cm.? (for our apparatus) of 5 ugm./cm.?film with an accuracy of
59%,. This gives a very useful, absolute means of superficial density standardiza-
tion. We have used films specially selected for their uniformity and calibrated
gravimetrically to standardize other methods of determination. As a routine
method, however, weighing has certain disadvantages:

(i) Measurements to the required accuracy are very tedious and time-
consuming.

(i1) The superficial density measured is an average for the whole film, not
for the region of interest (the center). This method is not therefore
applicable to films with peripheral irregularities which are nevertheless
quite suitable for source mounts.

(iii) Finally the mounting of a film on a weighed support is not easily accom-
plished without a concomitant change in support weight, and measure-
ments are subject to random errors far in excess of those imposed by
the sensitivity limit of the balance used.

(¢) Beta Radiation Absorption Method

Figs. 1 and 2 show as a function of their superficial density the transmission
of VYNS films for the beta radiation of Ni% (which has a maximum energy of
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Fi1c. 1. Transmission of VYNS film to Ni® beta radiation. Film superficial density range
0-35 pgm./cm.?

67 kev.). Providing the radiation measurements can be made to the necessary
precision, the method is limited by the accuracy of the superficial density
values of the films used for calibration. We estimate that measurements can be
made to 2 pgm./cm.? in the range 0-30 wgm./cm.?, and with a somewhat
larger error at greater thicknesses. The actual form of the curves obtained
depends a great deal on the radiation scattering and other characteristics of
the apparatus used, but the details of procedure as used by us are as follows.

A Ni® source of about 2 X 10% dis./sec. is deposited in a depression at the
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F1G. 2. Transmission of VYNS film to Ni® beta radiation. Film superficial density range
0-600 pgm./cm.?

center of an aluminum plate, and the whole is covered with a VYNS film of
about 50 ugm./cm.? to give a completely planar surface. This is then mounted
in a conventional hemispherical 27-proportional counter, and the counting
rate measured to the required accuracy. Curves of transmission versus super-
ficial density are then obtained, using specially selected gravimetrically cali-
brated films which are placed in contact with the plate. Advantages of the
method include insensitivity to peripheral film irregularities—the superficial
density measured is that observed by a source centrally located on the film
used for a source mount—and a rapidity of operation much greater than for
the gravimetric method. Disadvantages include the tendency for films of less
than 10 ggm./cm.? to adhere to the plate and subsequently to rupture (which
can to some extent be ameliorated by a light dusting of talc away from the
central part of the film), the need for ensuring close contact between the film
and plate (since a layer of niethane counting-gas entrapped between them can
cause considerable error in the apparent film thickness), and the need for
electronic counting apparatus, etc.

(d) Optical Absorption Method

This method is now in routine use in this laboratory, and proves quite
satisfactory for the measurement of superficial densities in the range 0-30
wem./cm.? We employ a Beckman Model DU Spectrophotometer, which is first
balanced against air, and then used to measure the optical transmission at a
wave length of 360, 600, or 1300 mu according to the thickness range and
accuracy required. Calibration with selected weighed films produces curves as
shown in Fig. 3, the features of which will be further discussed in a forth-
coming publication. The potential precision of the method is about 0.05
ugm./cm.?, but calibration difficulties impose at the moment a limit of +0.5
wgm./cm.2, which is nevertheless adequate for the present purposes. The method
is found to be very rapid and facile in operation, and is applicable to the thin-
nest films since they need not be placed in contact with anything. It also meas-
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F1G. 3. Optical transmission of VYNS film.

ures the thickness of the center of the film, and is useful in measuring small
irregularities of superficial density in this area.

(3) Gold Coating

The plastic film used for mounting a source within a counting chamber (or
for beta-spectrometry) must be essentially at cathode potential in order that
the counter shall function correctly. It has been reported (18) that a small
area of plastic film can be satisfactorily used as a source mount, but most
authors agree that films must be rendered conducting by a suitable coating,
either of Aqua-dag (12, 15) or of metal applied by sputtering or distillation
in vacuo. The use of aluminum (19), copper (11, 14), silver (1), and gold (7, 10)
has been reported. We find gold coating of one side of the film by distillation
from a tungsten ribbon filament at about 1200°C. and under <1 u Hg to be
satisfactory.

Low distillation rates of gold give approximately isotropic distribution of
metal, and several films may be coated simultaneously if arranged spherically
around the filament.
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The progress of distillation may be followed by observing the color of the
film by reflected light from the reverse face to that being coated. With an
initially uncolored film of 5-10 ugm./cm.? for example, a faint purple colora-
tion is first noticed at a superficial density of 0.4 ugm./cm.? gold, and this
progressively deepens in shade until at 5 ugm./cm.? a rich red-purple coloration
is obtained. By transmitted light gold layers appear as increasing intensity of
blue, and this color, due to absorption or reflection of light at about 600 muy,
has been made the basis of a satisfactory precision method of measuring the
thickness of a gold layer applied. The Beckman Spectrophotometer is again
used, balanced against air, and the transmission at 600 mu of a series of films
of known gold superficial density is measured, the film being arranged so that
the light beam is incident on it from the uncoated side. A satisfactory method
of preparing the calibration films is to employ increasing distillation times from
a filament of constant distillation rate, which is known from gravimetric
measurements. The optical transmission of the film plus gold as measured is
the product of the transmission of the film and that of the gold. The former
may be read from the 600 my curve in Fig. 3, and the curve of the gold trans-
mission thus calculated versus gold superficial density is given in Fig. 4. The
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F1c. 4. Optical transmission of gold on VYNS film at 600 mu wave length,
form of the curve, which has several unusual features, will be discussed in the

forthcoming publication mentioned earlier. Spectrophotometer readings can
be taken with an accuracy which gives a precision for the method of 0.05
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pgm./cm.? of gold, and in this case the calibration is probably of comparable
accuracy:
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THE ALKALINE NITROBENZENE OXIDATION OF ASPEN WOOD
AND LIGNIN MODEL SUBSTANCES!

By K. R. Kavanacgu aAxD J. M. PEPPER

ABSTRACT

The yields of vanillin and syringaldehyde obtained by the alkaline nitrobenzene
oxidation of aspen wood meal have been determined at various temperatures
for various times. The maximum yield of each of these aldehydes, ce. 15 and 369,
respectively, was obtained under the same conditions. Similar maximum yields
result at 130£5°C. as at 170£5°C. if the reaction time is markedly increased,
Treatment of the wood meal with sodium hydroxide at 160°C. for two and one
half hours prior to the addition of nitrobenzene and subsequent heating under the
same conditions decreases, by over 309, the yields of aldehydes. Samples of
3,4,5-trimethoxybenzaldehyde, g-p-glucovanillin, and B-p-glucosyringaldehyde
were oxidized by alkaline nitrobenzene at 160°C. for two and one half hours and
yields of the corresponding phenolic aldehydes of 10.7, 69.6, and 71.9%, respec-
tively were obtained. These results are discussed with respect to the chemistry of
aspen lignin.

Little has been reported regarding the establishment of the optimum
conditions for obtaining the maximum yields for each of vanillin and syringal-
dehyde by the alkaline nitrobenzene oxidation of hardwood lignins. Brauns (2)
has summarized the value of this technique in lignin chemistry. The major
part of this work was concerned with softwood lignins and various reaction
temperatures, ranging from that of boiling alkaline sulphite spent liquor to
200°C., and various reaction times from 10 min. to three hours. Since this book
was published Leopold (9) has determined the vanillin yields obtainable from
synthetic model lignin substances as a function of temperature and time and
found that at 180°C. for two hours the best yields were obtained. Subsequently
Leopold and co-workers (10, 11, 12) used these conditions to study the oxida-
tion products of a wide variety of both hardwoods and softwoods. It is signi-
ficant that almost all the conifers studied gave small amounts of p-hydroxy-
benzaldehyde while several (Pinaceae family) gave small amounts of syringal-
dehyde, this latter observation representing the first isolation of syringaldehyde
from softwoods. Stone and Blundell (14) used a temperature of 160°C. for two
and one half hours in their analytical micromethod for the allkaline nitrobenzene
oxidation of plant materials.

A detailed study of these conditions of oxidation as applied to hardwoods
was undertaken, therefore, with the belief that some useful information would
be obtained with respect.to the following problem. If vanillin and syringalde-
hyde arise by the hydrolysis and/or oxidative cleavage of different type link-
ages in the protolignin, then maximum yields of each might be obtained under
different conditions. In this way a greater combined yield of aldehydes could
result than that now obtained under conditions whereby both yields are deter-

" Manuscript received September 1, 1954,
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mined from the same reaction mixture. On the other hand, should the release
of the two compounds be equally dependent on the conditions, some evidence
would be presented for the existence of similar type linkages in the lignin.
Other information, from such studies, such as the variance of the vanillin to
syringaldehyde ratio with changing reaction conditions and the effect, on the
aldehyde vield, of a prior treatment of the wood meal with alkali, could be
interpreted with respect to the hardwood lignin structure. Little is known con-,
cerning the relative amount and the mode of linkage of the guaiacyl- and
syringyl-containing nuclei in the protolignin of angiosperms.

For these experiments small {ca. 40 mgm.) samples of solvent extracted aspen
wood meal were oxidized and the reaction mixture analyzed according to the
procedure of Stone and Blundell (14). The results are given in Table I.

TABLE 1
VARIATION OF ALDEHYDE YIELDS WITH TEMPERATURE®

Temp., °C. £5°
100 130 150 160 170 180 195 2004 2154

Syringaldehyde %,® 0.77 11.9 32.2 33.8 35.8 36.2 30.2 23.1 17.3

0.91 11.9 32.5 31.8 36.8 34.2 33.6 20.8 20.8
32.1 35.8 (35.2° (35.6 34.0 26.5
33.4 35.6 135.2 136.6
32.7 35.6
35.4
Mean %, 0.85 11.9 32.7 34.6 35.9 355 32.6 23.4 18.9
Vanillin %? 0.95 3.8 11.4 13.3 14.3 14.0 15.0 8.45 9.1
1.51 3.96 11.5 12.2 17.5 13.9 13.0 8.25 10.3
11.5 13.2 [15.4 (15.1 14.3 9.45
11.8 13.5 114.6 116.3
11.5 13.5
13.7
Mean 9% 1.22 3.84 11.5 13.3 15.6 14.5 14.1 8.66 9.64
Total mean % 2.07 157 44.2 479 515 50.0 46.7 32.1 28.5
Ratio S/V 0.70 3.1 2.8 260 230 2.45 2.31 2.70 1.96

sEach experiment was maintained al the stated temperature for two and one half hours but
requived from one half to one and a half hours to reach this temperature,

bReported as percentage by weight of the Klason lignin.

°Bracketed results refer to duplicate chromatograms from the same oxidation product.

aLess significance should be given to these values; see text.

It is significant that, at a temperature of 170-180°, the maximum yield of
each of the individual aldehydes is obtained. This observation suggests that
similar linkages are being cleaved to release each type of aldehyde. The
decreasing ratio of syringaldehyde to vanillin with increasing temperature
suggests that the 4-hydroxy grouping of the former is released more readily
than that of the latter. Some support for this idea is found in the known ready
selective demethylation of 3,4,5-trimethoxyphenyl compounds to the 3,5-
dimethoxy-4-hydroxyphenyl derivatives. A similar decreasing ratio of syringal-
dehyde to vanillin was noted by Chisholm (5) in experiments wherein condi-
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tions of progressively stronger severity of the alkaline nitrobenzene oxidaticn
of aspen wood were made. These included experiments with no added nitro-
benzene, with nitrobenzene at reflux temperatures, and with nitrobenzene at
160°C.

At the higher temperatures (200° and 215°) an increasing number of un-
known interfering compounds began to appear on the developed chromato-
grams and therefore the absorption recorded may not have been due to the
aldehydes only. Up to 195° however, this presented no problem since a com-
parison of the ultraviolet spectra of individual spots with those of authentic
aldehyde samples showed excellent agreement.

On the basis that lignin may be represented as a polymer of phenylpropane
units and that the major part of the wood methoxyl is associated with this
lignin, then the total yield of aldehydes obtained represents only about a 609,
recovery of the lignin both on a weight and on a methoxyl basis.* This con-
sistent maximum total aldehyde yield was found even in experiments carried
out at a lower temperature of 130°45° but for an extended time and in those
at 170° for periods longer than the normal two and one half hours. These data
are given in Table II.

TABLE II
VARIATION OF ALDEHYDE YIELDS WITH TIME®

At 13035°C. At 170x5°C.
2.5hr. 4hr. 8 hr. 13hr. 19 hr.c 2.5hr,  5hr.
Syringaldehyde %,% 11.9 25.8 32.7 33.4 31.8 35.8 34.6
11.9 24.5 32.2 33.5 30.9 36.8 35.9
26.2 35.2 35.2
27.7 35.2
Mean 9, 11.9 25.2 32.5 33.5 29.2 35.9 35.2
Vanillin %? 3.82 7.94 11.0 11.9 12.0 14.3 13.1
3.86 8.18 11.0 12.4 11.8 17.5 14.1
11.4 15.4 13.8
11.2 14.6
Mean % 3.84 8.06 11.0 12.2 11.6 15.6 13.7
Mean total 15.7 33.3 43.5 45.7 40.8 51.5 48.9
aldehydes %,
Ratio S/V 3.10 3.13 2.95 2.74 2.50 2.30 2.57

sTime does not include that required to reach the reported temperature.
YReported as percentages by weight of the Klason lignin,
cThis chromatogram showed presence of additional products; see Table I4.

From these results it would appear that only part of the lignin has linkages
amenable to cleavage to the simple aldehyde by this treatment. This may be
interpreted to suggest that protolignin is a polymer of a repeating unit com-
prising a part from which the phenolic aldehydes arise and another part of

*It has been shown by A. J. McNamara in these laboratories that no change in total alkoxyl
occurs during the alkaline nitrobenzene oxidation treatment of aspen wood at 160° for two hours.
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which little is known, rather than a simple polymer of a single phenylpropane
structure. -

The liberation of phenolic aldehydes by this oxidative process means that
two processes at least are occurring, namely, that whereby the free phenolic
group is released and that whereby the carbonyl group is established. It seems
likely that these two reactions occur for the most part independently of each
other. Therefore it would be of interest to arrive at the same final result but
by means of two separate reaction stages. Experiments were conducted to
determine the aldehyde yields as a result of an alkaline treatment alone at 160°
and others to determine the effect of a similar alkaline treatment of the wood
meal prior to the addition of nitrobenzene with subsequent heating under
standard conditions. The results are compared in Table III.

TABLE III
VARIATION OF ALDEHYDE YIELDS WITH MODE OF ALKALINE TREATMENT

With sodium hydroxide only, Sodium

With sodium prior to nitrobenzene hydroxide
hydroxide only addition and
nitrobenzene
2.5 hr. 5 hr. 2.5 hr. 5 hr. 2.5 hr.
Syringaldehyde % 2.71 1.77 23.5 21.4
2.94 1.95 23.6 21.4
2.20 24.5
1.97 21.7 22.2
19.5
21.9
Mean 9, 2.46 1.86 22.6 21.7 34.6
Vanillin 9, 1.41 0.59 10.2 8.12
1.76 0.98 10.6 8.99
1.46 10.5 8.10
1.13 9.42
8.35
8.55
Mean % 1.44 0.79 9.65 8.74 13.3
Mean total aldehydes %  3.90 2.65 32.3 30.4 47.9
Ratio S/V 1.69 2.36 2.34 2.48 2.60

The small yields of aldehyde obtained using alkali without nitrobenzene
suggest the existence of a small percentage of much more readily cleaved units,
e.g. those that are terminal. Or such yields may be the result of an hydrolysis
and/or an alkaline oxidation reaction aided by the fact that no attempt was
made to exclude the air in sealing the microbombs or that dissolved in the
reagents. Of greater interest is the marked decrease in the yields of aldehydes
that result if a prior alkali treatment at 160° is given the wood meal. This may
mean that, by this treatment, part of the linkages have been modified so that
it is no longer possible for them to be cleaved to yield the phenolic aldehydes.
Whether this interference is concerned with the liberation of the phenolic or
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aldehydic groups or whether it involves secondary reactions (see below)
remains to be shown. Experiments are in progress to determine, by analysis,
the extent of the individual liberation of the phenolic and carbonyl functional
groups under varying conditions. Such information would assist in determining
the mechanism by which the aldehydes are released.

Such a secondary reaction as mentioned above is that pointed out recently
by Brickman and Purves (8) and Hlava and Brauns (7). These authors showed
that under conditions of alkaline nitrobenzene oxidation similar to those used
in this work, namely, 160° for three hours and 180° for two hours respectively,
veratraldehyde is converted to vanillin in approximately 309, yield. Since
vanillin itself is essentially unchanged by such a procedure (14) a major portion
of the veratraldehyde has undergone other reactions, likely the Cannizzaro
oxidation-reduction change (6). If a similar reaction for both the guaiacyl and
syringy! nuclei were occurring during the oxidation of wood lignin, it would
account for the low total aldehyde yields and also suggest that the carbonyl-
releasing reaction is more rapid than that whereby the phenol hydroxy! is
liberated. If the reverse were true very little of the liberated vanillin would
undergo further reaction and higher yields might be expected. In order to gain
some experimental evidence for or against these ideas, other model substances
were similarly oxidized at 160° for two and one half hours and the yields of the
corresponding phenolic aldehydes determined. These results are given in

Table IV.

TABLE 1V
OXIDATION OF MODEL LIGNIN SUBSTANCES

Molar recovery, %
Model substance Remarks
Vanillin  Syringaldehyde Mean

Vanillin 99.3 According to Stone and
96.4 Blundell (14) corrected
97.8 97.8 for chromatographic losses
Veratraldehyde 31.3 No unchanged veratraldehyde
30.6 Reported by Brickman and
31.9 31.3 Purves, 29.7 and 34.2%
B-p-Glucovanillin* 68.4
72.7
67.8 69.6
Syringaldehyde 93.0 Uncorrected for
86.0 89.5 chromatographic losses
3,4,5-Trimethoxy- 12.5 No unchanged 3,4,5-
benzaldehyde 9.5 trimethoxybenzaldehyde
11.2
11.2
9.1 10.7
B-p-Glucosyringaldehyde 69.2
74.6 71.9

*Sample donated by Dr. A. C. Neish, National Research Council, Saskatoon.
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The chromatogram of the product of oxidation of the 8-D-glucovanillin showed
one other spot only which had the same R, value as the starting material. This
may mean that no other serious side reaction is occurring as was the case with
the two methylated derivatives.

In the light of both the small recovery of phenolic aldehydes, especially
syringaldehyde, from their fully methylated derivatives and of the amounts
obtained from the wood, it seems likely that these nuclei are not joined by
means of phenolic alkyl ether linkages if the liberation of the carbonyl grouping
is the major primary reaction. On the other hand, should these nuclei be
involved in phenolic glycosidic linkages, nothing can be said about the relative
rates of release of the two functional groupings. It would seem that under these
circumstances, whereby both aldehydes are released at the same rate, evidence
is presented that suggests that in the aspen protolignin, a larger number of
syringyl than guaiacyl nuclei exist.

EXPERIMENTAL
Aspen Wood Meal
Native Saskatchewan aspen sapwood (Populus tremuloides) was ground in a
Wiley mill (20 mesh), extracted* with ethanol-benzene (4:1) for 48 hr., then
with ethanol for 36 hr., thoroughly washed with hot water for eight hours,
and air-dried. Anal.: Klason lignin, 16.5; moisture, 7.65; ash, 3.779,.**

Oxidation and Chromatographic Procedures

The general methods of microoxidations of plant material, the chromato--
graphic separation of the oxidation products, and the spectrophotometric
determination of the concentration of aldehydes were those described in detail
by Stone and Blundell (14). All oxidations were made using 35-50 mgm.
samples of wood meal and around 10 mgm. samples of pure compounds. The
chromatograms were developed for two to two and one half hours using a
solvent of n-butyl ether saturated with water. The presence of the aldehyde
spots were revealed by spraying with the ferric chloride — potassium ferri-
cyanide reagent (1). The standard concentration vs. optical density curves
were those described previously (13). All results of the wood oxidations are
expressed as percentage yields by weight based on the amount of Klason
lignin in the ash-free oven-dried sample. No corrections were made for chroma-
tographic loss so the results represent minimum values.

For those experiments involving a prior alkaline treatment, only the wood
meal and the sodium hydroxide solution were heated initially. After the mix-
ture was cooled, the microbombs were opened, the nitrobenzene added, and
the bombs again sealed and heated under standard conditions.

Synthesis of Model Substances
8,4,9-Trimethoxybenzaldehyde.—Syringaldehyde was methylated with di-
methyl sulphate in alkaline solution according to the standard procedure (4).

*The extractions and washings were carried out by Mr, A.J. McNamara in these laboratories.
**The high ash content is believed due to the use of a copper condenser during the extensive
extractions.
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3,4,5-Trimethoxybenzaldehyde was recovered in 44.59, yield, m.p. 73-74°C.,
reported, 74-75°C. The oxime was prepared in high yield, m.p. 81-84°C.,
reported, 82-84°C.
B8-D-Glucosyringaldehyde

Tetraacetyl-B-D-glucosyringaldehyde—The method used was similar to that
reported by Kratzl and Billek (8). Acetobromo-b-glucose (1.5 gm.), potassium
carbonate (0.6 gm.), and syringaldehyde (0.67 gm.) were dissolved in a mixture
of acetone (13 ml.) and water (7.7 ml.). After six hours at room temperature,
the acetone was removed under reduced pressure and the residue extracted
with benzene. After washing with dilute potassium hydroxide and drying
over sodium sulphate, the benzene solution was concentrated under reduced
pressure and the resulting tetraacetyl-g8-pD-glucosyringaldehyde recrystallized
from benzene, yield, 1.3 gm.

Deacetylation of Tetraacetyl-3-D-glucosyringaldehyde

The method of Zemplén and Pacsu (15) was followed. The crude product
(1.3 gm.) obtained in the preceding step was warmed on a water bath with
methanol (3.3 ml.) and N/10 sodium hydroxide (0.33 ml.). From the resulting
solution, an orange-yellow colored precipitate resulted after one to two
minutes, yield, 0.7 gm. After recrystallization twice from ethanol-water (4:1),
m.p. 201-204°C., reported, 210-211°C.
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THE REACTION OF METHYL RADICALS
WITH CH;CHO AND CH;CDO!

By P. AusLoos? aAND E. W. R. STEACIE

ABSTRACT

Azomethane has been photolyzed in the presence of CIHzCHO and CH;CDO,
and the results compared with the direct photolysis of the aldehydes. The activa-
tion energies found were 6.8 and 7.8 kcal./mole, respectively, for the reactions
CH;+CH;CHO— CH,;+CH;CO 1]
CH;3;+CH;CDO— CH;D+CH;CO. 2]
The results furnish evidence that only an acyl hydrogen is captured. Evidence
has also been found for the occurrence of wall reactions and the disproportionation

reaction
CH;+CH3;CO— CH;+CH.CO.

INTRODUCTION

By decomposing di-i-butyl peroxide in the presence of CH;CHO, Volman
and Brinton (6) obtained a value of 7.5£0.3 kcal. for the activation energy
for hydrogen abstraction by methyl from CH;CHO. This value lies well below
most previous estimates. Its acceptance has explained a number of anomalies
in the acetaldehyde photolysis, and the value is therefore of considerable
importance.

Up to the present no value has been obtained for the activation energy of the
companion reaction

CH;-CH;CDO — CH;D 4-CH;CO.

Also, there has been no definite proof whether it is an acyl or a methyl hydrogen
which is captured in the reaction (4), although the acyl hydrogen is far more
probable on general grounds.

The purpose of the present work was to compare the rates of abstraction
from CH;CHO and CH,CDO, to obtain a check on the activation energy of
the abstraction reaction using a different source of methyl radicals, and to
determine whether an acyl or a methyl hydrogen is captured in the abstraction
reaction. Azomethane has been used as a source of methyl radicals, since it
can be photolyzed at wave lengths greater than 3400 A where acetaldehyde is
transparent. It can thus be photolyzed without complications due to the
simultaneous photolysis of the aldehyde. The photolysis of CH;CHO and
CH;CDO has also been investigated very briefly at 3130 A in order to compare
the results with those obtained with azomethane—acetaldehyde mixtures at
longer wave lengths. By using relatively low pressures of acetaldehyde and
higher intensities (1-5 X 10% quanta per cc. per sec.) than have usually been
used in the past, it is possible to gbtain measurable amounts of ethane and
thus to determine values of Rer,/Ré,m, in the photolysis of acetaldehyde itself.

*Manuscript received September 17, 1954.

Contribution from the Division of Pure Chemistry, National Research Council, Ottawa, Canada.
Issued as N.R.C. No. 8448.

2National Research Council of Canada Postdociorate Fellow, 1958-54. Presentaddress: Departe-
ment de Chimie Physique, Université Laval, Québec.
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EXPERIMENTAL

Acetaldehyde-d was prepared by Dr. L. C. Leitch (5) of this laboratory by
the reaction sequence
D,0
CH;CH,;NO, 2 CH;CD,;NO,

H,S04(6.M)
CH;CD:NO, ————

CH;CDO+HDO+N:0.
Mass-spectrometer analysis indicated that the CH;CDO contained about
one per cent CH,DCDO and less than five per cent CH;CHO.

The light source was a Hanovia S-500 medium pressure mercury arc. The
cylindrical quartz reaction cell, 10 cm. long, 5 cm. diameter, was completely
filled by a nearly parallel light beam. Four types of filter were used to limit the
incident radiation to longer wave lengths:

Corning clear chemical glass 774 (0-53),
Corning 586 (7-37),

Corning 738 (0-52), and

Corning 970 (9-53).

The apparatus was essentially similar to that used in previous investigations.
The methane, N;, CO fractions were taken off at liquid nitrogen temperature
and CO determined by passing over hot CuO. Further analysis was done with a
mass spectrometer. The ethane fraction was separated at —170°C., and
occasionally checked by mass-spectrometer analysis.

RESULTS AND DISCUSSION
(A) The Reaction of CH; with CHCHO

When azomethane is photolyzed in the presence of CH,CHO the following
reactions may be considered:

CH3NNCH3+hV — 2CH3+N2 [3]
CH3+CH3 i CQHG [4:]
CH;+CH;NNCH; — CH;+CH,NNCH, [5]
CH;+CH;CHO — CH,+CH;CO [1]
CH3;CO — CH,;+CO (6]
CH;+CH,;CO — CH3;COCH; 7
2CH;3;CO — CH;COCOCH; [8]
CH:;+CH;CO — CH4+CH,CO 19]
2CH;CO — CH.CO+CH;3;CHO [10}

If reaction [9] is neglected for the moment, then

k R k
g < A [CHsNNCH3]> / [CH,CHO].

k4-§ RéQHG 4

The values of ks/ks* which are required in the calculations have been taken
from an experimental Arrhenius plot for azomethane alone (1).

The results of runs at different temperatures, intensities, and concentrations
are given in Table I. As can be seen from Fig. 1 (Curve B), a plot of logRcg,/
R§2H6 [Ald] against 1/T gives a straight line, except at temperatures below
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TABLE 1
THE PHOTOLYSIS OF AZOMETHANE IN THE PRESENCE oF CH;CHO

Temp., Time, Pressure, cm. Rate, cc./min. X 104 ﬁ 13
°C min. CH;NNCH,; CH;CHO N. CH, GCH; CO wi <10
....... ' 27 713 5.50 0.80 1.16 0.435 0.57 — 8.5
27 73 6.48 0.82 10.5 1.77 7.68 — 9.1
27 33 4.39 0.80 17.7 2.3 14.4 — 9.7
~ 27 20 5.20 0.72 54.0 4.25 43.5 — 11.0
- 27 28 2.60 4.10 18.7 8.40 10.7 1.52 9.7
S 51 20 5.29 1.23 39 8.95 28.25 0.855 19.4
= 51 35 1.8 4.4 14.3 12.4 5.80 2.10 19.6
o 73 61 6.10 0.90 86 3.9 3.11 0.73 30.7
c 72 35 5.12 0.75 7.6 5.4 9.30 1.35 29.5
S 72 75 3.89 1.29 22.3 8.80 12.1  2.10 29.3
Q- 91 62 5.28 1.52 27.8 17.4 9.45 5.35 52.0
N 93 25 3.56 2.62 25.1 23.7 8.40 9.70 55.0
<. 110 30 5.33 0.80 27.0 8.90 4.66 3.60 81.0
L 115 60 4.88 1.83 26.7 22.5 5.60 12.20 90.0
o 132 60 5.41 1.37 28.5 22.7  4.17 11.40 135.0
oo 146 22 4.92 1.08 36.4 26.8 5.45 14.6 175.0
9 146 20 4.45 2.50 33.8 45.7 4.35 29.0 172.0
- 165 20 5.50 0.98 40.2 29.0 3.6 12.8 250.0
a 165 25 4.07 2.70 30.6 53.0 3.20 35.5 230.0
g
R 0.5
> -10.!
@g T T
o
o8
ga
b§ -||.ok —
cg
%a
L g
=< s -]
5 2
y— -
3
g
= -120f- —‘
g
Q-
5. L |
6 -t2-5 2.0 2.4 36
) 1/T x10™3
§ F1G. 1. Arrhenius plot of RCH‘/Rgzgs[Aldehyde].

Curve 4—CH3;CHO photolysis.
Curve B—Photolysis of azomethane in the presence of CH;CHO.
Curve C—Photolysis of azomethane in the presence of CH;CDO, containing 5% CH;CHO.

75°C. where curvature is evident. (The units of &k throughout are cm.3,
molecules, sec.) N

From the first four runs at 27°C., it may be concluded that Rem,/Ré,m,[Ald]
decreases with decreasing intensity as shown by Fig. 2. This can be explained
by the occurrence of the disproportionation reaction [9]. Evidence for the

1
t
i
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F16. 2. The effect of intensity at 27°C. on the photolysis of azomethane in the presence of
CH:CHO.

occurrence of this reaction has been found in the photolysis of acetone (2)
and biacetyl (3) as well. When the curve in Fig. 2 is extrapolated to zero
intensity, a value of 8.4 X 10~13 is obtained for k;/k*. This is still higher than
the value obtained by extrapolation of the linear portion of curve B in Fig. 1.
This is therefore not due to reaction [9], and it is suggested that wall effects
occur as well at low temperatures, as is the case with acetone and biacetyl.

From the slope of curve B in Fig. 1 at temperatures above 75°C. an activa-
tion energy difference E1—3E, of 6.8 kcal. is obtained. Since £, = 0, E;=6.8
kcal. This is in excellent agreement with the value found by Volman and
Brinton, whose results are also given in Fig. 1. The lower value for E;, may
therefore be considered to be established.

(B) The Photolysis of CH;CHO

A few experiments were also made on the direct photolysis of CH;CHO. A
Corning Filter No. 970 (opaque at wave lengths below 2900 A) was used, so
that the light absorbed by acetaldehyde consisted mainly of the 3130 A group
of lines. The results are given in Table I1. The rate of hydrogen formation has
not been included since it was always1 too small to measure with any great
accuracy. An Arrhenius plot of Rem,/Ré,ulCH;CHO] is given in Fig. 1 (Curve

TABLE II
Prororysis oF CH;CHO

Temp., Time,  Pressure, Rate in cc./min. X 104 _ Reme % 1013
C. min. cm. CH,4 Cal, CO RngG[CHaCHO]
27 30 3.78 11.0 4.65 17.0 21.6
50 20 3.75 19.8 6.20 24.5 34.5
92 15 3.45 33.0 6.42 38.0 73.2
143 20 3.13 79.5 7.75 90.0 202.0
146 13 3.45 101.0 8.85 120.0 217.0
165 6 3.53 148.0 10.8 160.0 297.0
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A). A curved line is obtained which at higher temperatures appears to become
parallel to the line obtained by photolyzing azomethane in the presence of
CH,CHO. The curvature may largely be explained by the direct formation of
some methane in the primary step. However, in the light of the azomethane
results it is probable that the curvature also results in part from reaction [9]
and from wall reactions. In spite of these complications the results indicate
that at higher temperatures methane mainly results from reaction [1].

(C) The Reaction of CH; with CH,CDO

When azomethane is photolyzed in the presence of CH;CDO the same
reaction scheme holds as for CH;CHO, except that in place of [1] we have

CH;+CH;CDO — CH;D+CH,CO. [2]
Also we may consider the possible reaction
CH;+CH;CDO — CH4+CH.CDO. [11]
If it is assumed that only an acyl hydrogen is captured, then
RCH;}D _ k_?

1!

Rém[CH,CDO] kit
and
RCH4 _ k 5

Ré,m ]CH;NNCH,] kit

The values of ky/ks* and ks/k4* given in columns 9 and 10 of Table I1I have been
calculated in this way. In Fig. 3 curve F, the triangles represent the values of
log ks/k4*, while the line drawn through them represents the results from the
photolysis of azomethane alone. It is evident, therefore, that reaction [11]
does not occur to an appreciable extent (i.e. not over five per cent of [2])
since all the CH, found can be accounted for by abstraction from azomethane.
The small amount of CH,CHO present in the CH;CDO is not sufficient to
alter the results appreciably.

The fact that no Co:H;D or C,H, D, could be detected in the ethane fraction
is further proof that no hydrogen atoms are captured from the methyl group
of CH;CDO. Also no CH;D; was found in the methane fraction, which, as
Blacet and Brinton point out (4) excludes a mixed mechanism.

An Arrhenius plot of k»/ks? (curve E) gives an activation energy of 7.9 kcal.
for reaction [2], as compared with 6.8 kcal. for [1].

A very small amount of curvature is present in the log k»/ks* plot at low
temperatures. Since this plot involves CH;3D, the curvature cannot result from
the disproportionation of methyl with acetyl, since all the acetyl radicals are
CH;CO. It is therefore probably to be explained by wall reactions.

No curvature was found in the ks/k4* plot (curve F). In this case the reaction

CH;+CH;CO — CH,+CH,CO 9]
would cause such curvature. Its absence is presumably due to the much smaller
rate of abstraction from CH3;CDO as compared with CH;CHO (a factor of 20).
This results in a much smaller concentration of acetyl, and the effect of reaction
[9] is apparently negligible.
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THE PHOTOLYSIS OF AZOMETHANE IN THE PRESENCE oF CH;CDO
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Temp., Time, ' Pressure, cm. Rate, cc./min. X 104 ks ks .
°C. min. CH,;CDO CH;NNCH; CH;D CH, C:Hs (o[0] P2 10t 2 < 10
- 27 125 1.08 5.26 0.115 0.465 10.2 0.02 0.435 0.530
27 125 0.74 5.38 0.08 0.495 10.0 0.02 0.463 0.54
61 60 1.20 4.88 0.460 1.55 16.3 0.15 1.40 1.70
- 62 126 1.00 5.14 0.385 1.17 6.9 0.16 1.50 1.80
85 60 0.72 5.70 0.52 3.36 12.9 0.40 3.12 3.90
86 100 1.06 4.29 0.49 1.52 4.4 0.34 3.24 4.20
126 50 0.84 5.30 1.14 5.50 5.4 1.24 9.00 12.30
127 100 1.65 5.50 1.29 2.90 1.62 1.27 9.40 13.00
158 55 0.83 5.58 1.52 6.82 2.60 — 17.30 26.00
TABLE IV
Protorysis oFr CH;CDO
: : " Rem;p Ren
Temp., Time, Pressure, Rate, cc./min. X 10 O o8 ———— ey
C. min. cm. CHJD CI‘I4 Ethane CO R%Lmne[CHSCDO] R%mane[CH3CD0]
26 62 4.90 0.77 0.175 1.48 2.85 2.05 0.46
43 45 3.95 0.95 0.215 1.68 3.00 3.05 0.70
86 90 3.75 1.90 0.495 1.56 4.92 7.45 1.94
108 85 3.72 2.47 0.652 1.68 5.30 10.4 3.25
151 90 3.83 6.08 1.70 2.22 10.6 23.5 6.65
196 60 3.24 9.95 2.85 1.92 16.4 52.2 15.0

9g
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Fic. 3. The photolysis of CH;CDO.
Curve D—Arrhenius plot of RCH,D/Rémﬂne[Aldehyde] for the direct photolysis of CH;CDO.

Curve E—Arrhenius plot of Reg,p /R]*m,me[Aldehyde] for the photolysis of azomethane in the
presence of CH;CDO.

1
Curve F—Arrhenius plot of Rom,/RG,n,/Azomethane] for the photolysis of azomethane in
the presence of CH;CDO.
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(D) The Photolysis of CH,CDO

The photolysis of CHsCDO was briefly investigated. A Corning 970 filter
was used so that absorption was mainly of the 3130 A group of lines. The
results are given in Table IV. The fraction coming off at —195°C. consisted
of CO, CHy, and CH;3;D. No CH,;D;, D, or H; was found by mass-spectrometer
analysis, so that they amounted to less than one per cent of the products. The
ethane fraction consisted mainly of C:Hs (~609%); considerable amounts of
deuterated ethanes were also present. Only the total ethane has been given in
Table 1V,

In Fig. 3 (curve D) an Arrhenius plot of RCH@/Rémm[CHg(:DO] is given.
A large curvature is present at low temperatures, while at higher temperatures
the plot becomes parallel to the one found when azomethane is photolyzed in
the presence of CH3;CDO. This appears to indicate that at high temperatures
CH;D is mainly formed by reaction [2], while at low temperatures the occur-
rence of the primary step

CH;CDO+ v — CH;D4-CO (12]
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explains largely the excess of CH;D responsible for the curvature in the Arr-
henius plot.

Considerable CHy4 is formed in addition to CH3;D. This may be accounted
for by the presence of about five per cent CH;CHO in the CH;CDO sample.
Since abstraction by methyl is about 20 times faster from CH;CHO than from
CH,;CDO, even five per cent of CH;CHO has a large effect. In Fig. 11(curve )
an Arrhenius plot is given for this methane, i.e. a plot of Rem,/Rémanc[Alde-
hyde]. Since the exact amount of CH;CHO present is somewhat uncertain, but
its percentage is constant, we have1 used the total aldehyde concentration.
The actual value of the ratio Rem,/Réman CH;CHO] will therefore be approxi-
mately 20 to 25 times higher than the figures plotted in Fig. 1, and the results
will therefore coincide approximately with the linear portion of curve 4 as
they should. From the slope of curve C a value of 6.4 kcal. is obtained for £,
in excellent agreement with the value of 6.8 kcal. obtained by photolyzing
azomethane in the presence of CH;CHO.

It may be noted that the deviation from linearity is much less for curve C
than for curve 4. This is to be expected since the relatively fast abstraction by
methyl from CH3CHO as compared with CH;CDO, causes a small amount of
CH;CHO to have an important effect on the abstraction reaction. There is,
however, no reason to suppose that reaction [11] will be more important for
CH,CHO than for CH;CDO.

If CH; was also produced by abstraction from the methyl group

CH;+CH;CDO — CH,;+CH.CDO, [13}
a higher activation energy than 6.8 kcal. would be expected, and CH,D,
should also be produced. It may therefore be concluded that reaction [13]
does not occur to an appreciable extent. However, no explanation can be given
for the production of a considerable amount of C:H;D and C:HyDs.

Since there is no appreciable abstraction from the methyl group in CH;CDO,
in spite of the higher acyl C—D bond strength, it is evident that no appreciable
abstraction {rom the methyl group in CH;CHO will occur.
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THE PHOTOLYSIS OF BIACETYL!
By P. AusLoos? aND E. W. R. StrACIE

ABSTRACT

The photolysis of biacetyl has been reinvestigated. The results are, in general,
in excellent agreement with those of Blacet and Bell. Curvature occurs at low

temperaturesin the Arrhenius plot OfRCH_‘/RéEHG[BiaCCty]], and this is attributed
to wall reactions, and to the disproportionation reaction

CH;+CH;CO— CH,+CH.CO.

Azomethane-biacetyl mixtures have been photolyzed to give further information
on these points. An activation energy of 8.5 kcal. has been found for the reaction
of methyl radicals with biacetyl.

INTRODUCTION

The photolysis of biacetyl has been thoroughly investigated by Blacet and
Bell (4, 3). It has, however, been thought to be worth reinvestigating the
reaction, especially in the low temperature region, to see if there were anomalies
similar to those which occur with acetone. In particular we were interested in

. the possibility of complications due to wall effects and to the possible occur-

rence of the disproportionation reactions

and

In addition azomethane was photolyzed in the presence of biacetyl to obtain
a further check on the activation energy of the reaction of methyl radicals
with biacetyl.

EXPERIMENTAL

The reaction cell was a quartz cylinder 10 cm. long and 5 cm. diameter, with
a volume of about 170 cc. A Hanovia S-500 medium pressure mercury arc was
used for most of the experiments. For a few runs a B.T.H. ME/D 250 w.
compact source lamp was used to obtain higher intensities. The reaction cell
was completely filled by a nearly parallel light beam. The intensity was varied
by means of neutral density filters of chromel deposited on quartz. No other
filters were used, except where mentioned. The remainder of the apparatus
was essentially similar to that described in previous papers from this laboratory.

Reagent grade biacetyl (Eastman white label) was used, and was distilled
in vacuum with the rejection of a large head and tail fraction.

The analysis of the products was done in the usual way by taking off the
CO, CH; or CO, CH,, N; fraction at liquid nitrogen temperature. In CO, CH,
samples the CO was determined by hot copper oxide. The samples containing
nitrogen were analyzed with a mass spectrometer. The C,H; fraction was

I Manuscript received September 17, 1954.

Contribution from the Division of Pure Chemistry, National Research Council, Ottawa, Canada.
Issued as N.R.C. No. 3447.

2National Research Council of Canada Postdoctorate Fellow, 1952—54. Presentaddress: Departe-
ment de Chimie Physique, Université Laval, Québec.
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TABLE II
PHOTOLYSIS OF AZOMETHANE-BIACETYL MIXTURES

For personal use only.

Temp., Time, Pressure, cm. Products, cc./min. X 10! . Ren, % 1018
°C. min, Azomethane Biacetyl N CH, C.Hs CcO Réxn [CH;COCOCH;]
2%78

27 32 2.09 2.26 27.7 0.995 24.0 <0.20 1.00

27 30 2.15 1.90 27.2 0.98 24.5 <0.20 1.15

77 30 2.07 1.6 29.5 2.85 23.3 1.71 3.68

78 60 1.65 2.15 7.8 1.41 5.15 — 3.50

140 30 2.25 1.90 39.5 12.0 18.2 9.80 18.5

198 15 2.21 1.81 44.7 28.5 12.1 31.7 70.0

TABLE I1I

EFFECT OF VARIATION OF INTENSITY

Can. J. Chem. Downloaded from www.nrcresearchpress.com by 118.97.211.18 on 09/04/12

. R Rate of k

Relative Pressure,  Time, Products, cc./min. X 10* 3 = X 108 formation of %
intensity cm. min. co CH,4 C:Hs CH:CO R&,m,[CH,COCOCH;] excess CH, ka3 bz

1 2.4 1050 0.36 0.03 0.087 — 0.67 — —
4 2.3 1150 1.96 0.065 0.368 0.015 0.75 0.006 0.103
10 2.3 200 7.70 0,145 1.58 0.075 0.81 0.028 0.104
28 2.25 55 23.5 0.337 0.74 0.500 1.10 0.138 0.105
72 2.25 19 106.0 1.2 25.8 3.25 1.72 0.75 0.094
79 2.3 13 128.0 1.32 27.0 4.05 1.78 0.84 0.091
200 2.3 14 — 3.92 86.0 12.2 2.9 3.05 0.106
200 2.3 4 445.0 4.27 102.0 13.0 2.9 3.30 0.108
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taken off at —175°C., and the ketene fraction at —135°C. Both fractions were
occasionally checked with a mass spectrometer.

RESULTS

Table 1 gives the results of runs at temperatures between 27 and 200°C.,
and relative intensities varying by a factor of 20, where a relative intensity of
1 corresponds to an absorbed intensity of about 2 X 10'* quanta/sec. The
amount of ketene formed was measured in only a few experiments. Velocity
constants throughout are expressed in units of cm.?, molecules, sec.

Table II gives the results obtained by photolyzing azomethane in the
presence of biacetyl. For these runs a Corning 738 filter was used, which cut
off wave lengths below 3400 A.

The results in the last columns of Tables I and 11, together with the results
of Blacet and Bell, are plotted in Fig. 1. Table 111 and Fig. 2 show the effect
of varying the intensity by a factor of 200 at 27°C. and constant biacetyl
concentration.
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F1G. 1. Arrhenius plot of ks/ks* for the biacetyl photolysis.
O Photolysis—relative intensities—lower curve, 1
—upper curve, 20.
A Photolysis—results of Blacet and Bell.
@® Photolysis of azomethane in presence of biacetyl.

DISCUSSION

To explain their results Blacet and Bell proposed the following secondary
reactions:
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CH,CO — CH;+CO (1]
CH;+CH;CO — CH,;COCH, 2]

2CH; — C.H;, (3]
CH;+CH;COCOCH; — CH,+CH,COCOCH, (4]
CH,COCOCH; — CH,CO+CH;CO (5]
CH;+CH;COCOCH; — CH;COCH;+CH,CO [6]
CH;+CH,COCOCH; — C;H;COCOCH, (71
2CH;CO — CH;COCOCH;, (8]

Activation Energy of the Abstraction Reaciion
If ethane and methane are formed only by reactions [3] and [4], then

Reg, _ ks
Rém[Biacetyl] ki

so that a straight line may be expected on plotting the L.H.S. against 1/7.
The results given in Table I and Fig. 1 confirm this for the high-temperature
region. However, at low temperatures a curvature becomes apparent in the
Arrhenius plot. We have also shown Blacet and Bell’s results in Fig. 1. Although
their original plot was not drawn so as to show curvature, it is evident that if
the two highest temperature points are ignored it is possible to draw a line
through their remaining points which is strikingly similar to ours. The two
plots thus drawn have the same slope and lead to an activation energy differ-
ence Ey—3FE; of 8.5 kcal., or assuming E; = 0, E; = 8.5 keal.

Wall Reactions

Fig. 1 also shows the results of experiments in which azomethane was
photolyzed in the presence of biacetyl. The effective wave length was 3660 A.
Biacetyl also absorbs slightly under our conditions, but the amount decomposed
was negligible compared with azomethane decomposed. This is shown by the
very small amount of CO formed at room temperature. At this temperature
CO is a measure of the amount of biacetyl photolyzed because of the unimpor-
tance of reactions [5] and [6]. At higher temperatures CO is formed by [5] and
[6] from radicals resulting from the photolysis of azomethane.

When azomethane is photolyzed in the presence of biacetyl, the following
reactions have to be taken into account to explain the formation of methane
and ethane.

CH3NNCH3+]ZV — 2CH3+N2 [9]
2CH; — C:H, [3]
CH;4-CH;COCOCH; — CH4+4CH,COCOCH;, [4]

whence

1
| 2%

b« /Row, Fk
: < cmy —_]_f[CHgNNCH3]> / [CH,COCOCH;] .

1 1
Ré 92Hg k32

The values of kyo/ks* have been taken from an experimental plot for the photo-
lysis of azomethane alone (1). From Fig. 1 it is evident that the results agree
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excellently with those from the photolysis of biacetyl itself. It is also apparent
that curvature is still present in the Arrhenius plot, although there is none in
the plot for azomethane itself. It is suggested that the curvature results from
wall effects at lower temperatures where the diffusion of radicals to the wall
is of more importance. More conclusive evidence for this will be discussed in a
forthcoming paper (2).

Disproportionation of Acetyl

It is suggested that the reactions
and
2CH;CO — CHng—}—CHaCHO [12]
also occur. If this is so, the ratio Rem,/Ré,m]CH;COCOCH;] will become inten-
sity dependent, i.e.

Rem, ks
1

2
‘ [CH,COCOCH;] + — [CH,CO].

Rém, ks ky?

To check this two series of runs were carried out at relative intensities which
differed by a factor of 20. Fig. 1 shows that variation in intensity has little
effect at temperatures above 100°C. At 27° howeverRCH4/R§ZHG[CH3COCOCH3]
decreases appreciably with intensity as may be expected if reaction [11] occurs,
since CH;CO radicals will be more stable at room temperature.

The amount of ketene formed was also measured at a few temperatures.
From 200° to 137°C. a sharp decrease in ketene was observed (Table I) in
agreement with the results of Blacet and Bell who measured the ketene formed
at 200°, 150°, and 100°C. They explain the formation of ketene by reaction [5].
If this has an appreciable activation erergy the drop in ketene with decreasing
temperature is to be expected. If reactions [11] and [12] are neglected, the ratio
takes the form

[CH:CO] _ ( 2
cH] - Y\, [EH”)'

Since Es>> E;, this predicts a drop in the ratio of ketene to methane with
decreasing temperature, as is observed from 200° to 137°C. There are, however,
three anomalies all of which point to the occurrence of [11] or [12]. (a) There is
always an increase in the ratio CH,CO/CH, with increasing intensity. (b) At
temperatures below 137°C., the rate of ketene formation begins to increase
again. At room temperature the ratio CHyCO/CH, is larger than unity. (¢)
Mass-spectrometer analyses indicated the presence of acetaldehyde as a reaction
product.

In order to obtain more definite information on these points, a series of runs
were made in which the intensity was varied over a wider range (by a factor of
200). For these runs the temperature was 27-=1°C., and the biacetyl pressure
was 2.3 cm. The results are given in Table III and Fig. 2. Fig. 2 indicates a
considerable increase in the ratio RCH4/R§2H6[CH3COCOCH3] with increasing
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intensity. If the curve in Fig. 2 is extrapolated to zero intensity a value of
0.65 X 10~** is obtained for the ratio. This is higher than the value which
would be expected from an extrapolation of the straight-line portion of the
Arrhenius plot in Fig. 1. The curvature in Fig. 1 is thus in part but not solely
due to disproportionation of acetyl radicals. The residual curvature is probably
due to diffusion effects accompanying wall reactions.

The fact that the ratio CH;CO/CH, becomes considerably higher than 1 at
high intensities indicates that there is a further source of ketene in addition
to reaction [11]. As pointed out previously the presence of acetaldehyde suggests
reaction [12]. The direct production of acetaldehyde in the primary step

(:}{3(:()(:()(:}{3-+'hV i (:}{3(:}1()'+-(:}{2(:()
is unlikely on the basis of Blacet and Bell's results in the presence of iodine.
Also, the fact that acetaldehyde has been observed in the acetone photolysis
as well (2) suggests a common origin such as reaction [12].

A rough quantitative check on the wvalidity of assuming reactions [11]
and [12] can be made as follows. From reactions [11], {12], and [3] the relation-
ship can be deduced

¥
CH4 k11

1 1 = 1,2
RéHgCHORéQHG kiik;

where Rég, represents the amount of excess methane necessary to account
for the increase in the ratio Reg,/Ré,m,/CHsCOCOCH;] above the limiting
value 0.65 X 10713, Although the acetaldehyde concentration could not be
quantitatively determined, it is evident that

RCH;;CHO = RCHgCO_RgH4‘
The values of kn/klg% k¥ calculated in this way are given in the last column of
Table 111, and are independent of intensity.
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In conclusion, it may be pointed out that the results given here indicate
complications at low temperatures in all systems in which acetyl radicals are
present, and in particular that such complicating processes will be intensity
dependent. The analogous case of acetone is discussed in a forthcoming paper

).

REFERENCES

1. AusLoos, P. and Steacig, E. W. R. Can. J. Chem. 32: 593. 1954.

2. Ausroos, P. and Stracii, E. W. R. Can. J. Chem. 33: 47. 1955,

3. BerLr, W. E. and BraceT, F. E. J. Am. Chem. Soc. In press.

4. Bracer, F. E. and Berr, W. E.  Discussions Faraday Soc. 14: 70.  1953.



Can. J. Chem. Downloaded from www.nrcresearchpress.com by 118.97.211.18 on 09/04/12
L For personal use only. B S

SOME COMPLICATING FACTORS IN THE
PHOTOLYSIS OF ACETONE!

By P. AusrLoos? anp E. W. R. STEACIE

ABSTRACT

The photolysis of acetone has been investigated at room temperature using
low pressures and high intensities. In addition an investigation was made of the
photolysis of azomethane-acetone mixtures. The results indicate that the

curvature at low temperatures of Arrhenius plots of Rcm/RszHs[Acetone] isdue
to two causes (@) a reaction between methyl radicals and adsorbed acetone and
(b) to the occurrence of the disproportionation reaction
CH;+CH;CO— CH;+CH,CO.
Confirmatory evidence for wall effects was obtained from experiments at low
pressures and higher temperatures.

INTRODUCTION

The photochemical decomposition of acetone has been thoroughly investi-
gated, especially by Noyes and his co-workers. In the temperature region
from 120° to 200°C. it has been established that all the methane and ethane
formed can be accounted for by the reactions:

CH;+CH;COCH; — CH,+CH.COCH; ]

CH3+CH3 — C2H6 ]

It has, however, been shown (6, 8, 9) that at lower pressures reaction [2]
becomes dependent on a third-body. Whence at higher pressures

——
DD —

RCH kl
————— = Constant = —
Ré,m [Acetone] ko
and at low pressures
Rex
- : . = Constant.
R, pe[Acetone]

For the activation energy difference, ££; —3F,, a value of 9.7+0.1 kcal. has
been generally accepted (12). This value has been deduced from experiments
at temperatures above 100°C., and at pressures between 25 and 200 mm.

In the lower temperature region there are complications in the kinetics.
Curvature has been observed in the Arrhenius plot between room temperature
and 125°C. (7, 12). Several suggestions have been made as to the cause of
the discrepancy (11). In the first place the presence of an appreciable amount
of acetyl radicals constitutes the most striking difference between the low- and
the high-temperature photolysis. The diffusion of radicals out of the light-
beam and possible wall effects have also to be considered. As f