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THE NITROLYSIS OF HEXAMETHYLENETETRAMINE
VII. INTERMEDIATES IN THE NITROLYSIS!

By L. BeErmaw, R. H. MEEN, AND GEORGE F. WRIGHT

Abstract

The evidence presented by Vroom and Winkler that 3,5-dinitro-3,5-diaza-
piperidinium nitrate is an intermediate compound in the conversion of hexamine
dinitrate to Cyclonite has been vitiated by the demonstration that it cannot
survive the reaction conditions in which it supposedly was formed. Presumably
the formation of 3,5-dinitropiperadinium nitrate occurs during dilution by de-
composition of 1-dimethylolaminomethyl-3,5-dinitro-1,3,5-triazacyclohexane
and/or l-methylol-3,5-dinitro-1,3,5-triazacyclohexane. Evidence favoring the
latter as the stable intermediate is afforded by demonstration that dimethylol-
nitramide also is present. When the cold nitrolysis mixture is treated with acetic
anhydride rather than water the intermediate is esterified and nitrolyzed to 1-
acetoxy-7-nitroxy-2,4,6-trinitro-2,4,6-triazaheptane and 1,7-diacetoxy-2, 4, 6- tri-
nitro-2,4,6-triazaheptane.

It is obvious that the nitrolysis of hexamine, which involves at least three
particles of nitric acid and one particle of the amine, must proceed to the
eventual formation of Cyclonite (V) through intermediate steps. Because of
the rapidity of reaction, intermediate compounds representing such steps
could not be isolated in this laboratory. However, the isolation of 1,9-
diethoxy-2,4,6 8-tetranitro-2,4,6,8-tetrazanonane by ethanolysis of a small
amount of the dinitroxy analogue (I1I, R = NO.) produced in the normal
nitrolysis of hexamine with 999, nitric acid (5) indicated that 1-dimethylol-
aminomethyl-3,5-dinitro-1,3,5-diazacyclohexane (I) may have been an
intermediate. Furthermore the formation of 1,7-dinitroxy-2,4,6-trinitro-2,4,
6-triazaheptane (IV, R = NQO,) by nitrolysis of hexamine with nitric acid
containing nitrogen pentoxide (5) indicated that 1-methylol-3, 5-dinitro-1, 3, 5-
triazacyclohexane (II) was present in the reaction mixture as a derivative
either of hexamine or of (I). The conversion of hexamine to Cyclonite has thus
been considered as a series of tertiary amine nitrolyses following the sequence,
hexamine — [ — Il —» V.

Recently Vroom and Winkler (10) have presented a different interpretation
of Cyclonite formation on the basis of the isolation of 3,5-dinitro-3,5-diaza-
piperidiniun nitrate (VI). They consider VI to be an intermediate compound
of appreciable life in the reaction mixture and they interpret the formation of
Cyclonite as a combined nitrolysis and nitration following the sequence, hexa-
mine -1 —- VI — V.

Neither the amount of nitric acid used for preparation of VI nor the yield
using 97%, nitric acid was reported by Vroom and Winkler. A ratio of 47-49
moles of nitric acid per mole of hexamine was chosen as intermediate in the
ratios used in their kinetic work. Under these conditions it was found that a

v Manuscript received in original form January 30, 1951, and as revised, May 15, 1951.
Contribution from Chemical Laboratory, University of Toronto, Toronto, Ont.
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yield of 0.5-2.59%, of Cyclonite (V) always was formed, although it was not
isolable unless the drowned reaction mixture was boiled. The yields of V in
Table I are based on unboiled reaction liquors and are comparable with those
of Vroom and Winkler if they corrected only for the slight solubility of V in
water. Presumably they did not boil their reaction liquors since otherwise they
would have reported slight yields of V in all preparations.

TABLE I

N1TROLYSIS OF 0.0l MOLE HEXAMINE DINITRATE IN (.47 MOLE OF NITRIC ACID

Temperature,
Reaction Concentration °C. Yield
time, aqueous —_—
sec. nitric acid VI \Y
Initial Final % %
45 99 —38 —20 10
45 99 —35 —18 13
45 98 —50 —50 0
45 100 —40 —-35 23
130 97 —40 —20 57 7
60 99 —40 —25 31
60 99 —40 —10 62
130 97 —40 —30 57 0
120 97 —40 =31 62 0
60 98 —40 —22 43*
60 88 —-50 0 53 Trace
45 97 —40 —35 40 None
45 97 —40 —30 36 None
45 97 —40 —30 48 None
60 97 —45 —40 51 None
60 97 —45 —40 54 None
60 97 —42 —32 33 None*
60 97 —40 —-35 52 None

* Prior to dilution 50 mi. of absolute ether was added and then decanted from the precipitate.

The conditions of temperature, concentration, and excess of acid must be
controlled carefully. Thus with 47 equivalents of 979, nitric acid a temper-
ature rise 5-10 degrees higher than those specified in Table I will produce 5-8%,
of Cyclonite isolable from the unboiled liquors. Likewise reaction with 92
moles of 97, nitric at —40° to —30°C. causes formation of 4-77 of Cyclonite.
The effect of these factors is exemplified by the experiments shown in Table 1
wherein nitric acid at concentrations of 98-100 were used and the reaction,
once started, could not be held within the specified temperature limits.

The recommended preparative method of Vroom and Winkler using 889,
nitric acid was repeated and found to yield 109 more of VI than they reported.
The remainder of the experiments reported in Table I were carried out in 979
nitric acid. Yields of 33-629, of the theoretical quantity of VI were obtained
free from contaminant Cyclonite (V) when the reaction period was varied
from 45 to 130 sec.

It was noted that when the 979, acid reaction mixture was diluted with ice
the solution was at first clear, but it became increasingly turbid over a period
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of about one minute. It seemed possible from this behavior that the formation
of 3,5-dinitro-3,5-diazapiperidinium nitrate (VI) occurred in the aqueous
diluate rather than in the original reaction mixture. Under these circumstances
the intermediate indicated by the difference found by Vroom and Winkler
between hexamine consumption and Cyclonite producibility should be either
[ or II. Demethylolation of such substances in cold dilute acid might then
produce V1.

A test of this hypothesis that VI was not present as an intermediate of appre-
ciable life in the nitrolytic medium but, instead, was formed after aqueous
dilution might be afforded by determining the stability of VI in 97% nitric
acid. While direct comparison with nitrolysis of hexamine was complicated
by the low solubility of VI in the cold strong acid, it was evident by the 5° rise
in temperature that a reaction had occurred. The results obtained after sub-
sequent dilution and destruction of recovered VI in hot 70%, nitric acid are
shown in Table Il. In every case the formation of Cyclonite demonstrated
that 3,5-dinitro-3,5-diazapiperidinium nitrate was not stable under the con-
trolled nitrolytic conditions presumably employed by Vreom and Winkler.

Despite the fact that the stability of VI in 979, nitric acid was not altered by
inclusion of 59, hexamine dinitrate (Expt. 1, Table II) it might be argued by
some that VI could survive the actual reaction system comprising degradation
fragments dissolved in the acid. We partially simulated such conditions by
treating hexamine dinitrate with 97% anitric acid under the controlled condi-
tions previously outlined, and subsequently added 3,5-dinitro-3,5-diaza-
piperidinium nitrate using the same countrolled conditions over the same length
of time. The results, shown in Table II1, confirm that VI is unstable under the
controlled reaction conditions, although (as might be expected) less Cyclonite
is formed than in the absence of hexamine dinitrate.

It is thus evident that 3,5-dinitro-3,5-diazapiperidinium nitrate (VI) is
not yet formed during the 45-60 sec. reaction period with hexamine dinitrate
TABLE 11

NITRATION OF 3, 5-DINITRO-3, 5-DIAZAPIPERIDINIUM NITRATE
witH 0.235 MOLE 979, NITRIC ACID

Temperature, Yiel
Moles Reaction °C. eld
amine nitrate time,

sec. VI A%

Initial Final % %

.005* 60 —40 —28 42 16
.004 60 —55 —45 63 2
004 60 —40 —45 75 1
.004 60 —45 —40 72 2
.003 60 —40 —32 50 13
.003 60 -38 —35 48 9
004 120 —40 —38 62 9
.004 45 —43 —38 50 2

* Contained 59, of hexamine dinitrate.
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in 979 nitric acid at —40°. since otherwise the isolated product would have
contained Cyclonite. The formation of (VI) during dilution attests the extreme
instability of the methylolamines (I) and (II) in aqueous acid, and renders
doubtful that either will ever be isolated from this medium.

However isolation of derivatives of (I) or (I1) wherein hydroxyl groups
were blocked should be possible, and this was attempted in two ways with
acetic anhydride. In the first instance the nitrolysis system was chilled below
—55°C. and acetic anhydride was added slowly so that the temperature did
not exceed —25°. As might have been expected this produced Cyclonite since
the water content of the nitric acid was reduced below 297.* In addition to
this 509, vyield a 259, yield of 1l-acetoxy-7-nitroxy-2,4,6-trinitro-2,4,6-
triazaheptane (IV, R = CH;CO, R’ = NQO.) was obtained. A variation of this
procedure involved addition of the nitrolyzed system into the cold acetic
anhydride. The Cyclonite yield was about the same but the second product
was not the mixed ester, but instead, 1,7-diacetoxy-2,4,6-trinitro-2,4,6-
triazaheptane (IV, R, R'= CH;CO) in 159, yield together with a persistent
impurity which could not be isolated as a chemical individual.

TABLE III

NITRATION OF 3, 5-DINITRO-3, 5-DIAZAPIPERIDINIUM NITRATE WITH HEXAMINE DINITRATE
TREATED IN 0.47 MOLE 979, NITRIC ACID AT —40° TO —30° OVER ONE MINUTE

Temperature, Yield, moles
Moles Moles Time, °C.
HADN VI Vi->V .
sec. Initial Final VI \Y
0.01 0.01 60 —38 —30 0.0146 0.0002
0.01 0.01 60 —42 —31 0. 0002
0.01 0.01 120 —55 —30 0.0142 0.0004
0.01 0.0025 60 —40 —28 0.0084 0.0001
0.005 0.005 60 —40 —29 0.0061 0.0008*
0.005 0.01 60 ) -38 —30 0.0105 0.0011*

* Under these conditions the hexamine dinitrate alone would account for 0.0004 moles of Cy-
clonite. ’

Neither of these products (containing four carbon atoms) could have been
derived from VI (which contains three carbon atoms) unless resynthesis of
hexamine fragments occurred (11, 1). The high purity of the Cyclonite which
was obtained in the same reaction indicates that resynthesis did not occur.
An intermediate must therefore be sought which contains four or more carbon
atoms.

Evidence contributing toward specification of this intermediate has recently
been presented by Dunning and Dunning (7). They nitrolyzed hexamine dini-

* The sharp transition in nitrolytic effect when the concentration of water is less than 29, has
been attributed by some to the consequent stabilization of nitronium or nitracidium salts. While
such stabilization has amply been demonstrated it does not necessarily follow that either of these
salts per se is directly involved in nitrolysis. Instead in proper enviromment, an amine nitrate
may become an amine-nitronium salt anclogous with, but aliernate to, the water-nitronium type
known as nitracidium salt. Indeed, presence of the latier may be detrimental to formation of the
former.
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trate in 979, nitric acid over nearly six minutes, drowned it in diethyl ether,
and obtained a gum which yielded l-ethoxymethyl-3,5-dinitro-1,3,5-triaza-
cyclohexane in 179, yield when it was treated with ethanol. This is pre-
sumptive for a larger amount of the 1-nitroxy analogue in the gum. Although
they isolated no 3,5-dinitro-3,5-diazapiperidinium nitrate (VI) they seemed
not to be certain of its absence. This uncertainty probably was due to their
isolation of 3-nitramino-2-nitro-2-azapropylammonium nitrate which might
have been formed from VI by degradation. Certainly they demonstrated that
a cyclic compound comprising more than three carbon atoms survived in the
nitrolysis system at —28.5° for more than five minutes.

Both of the linear compounds (1V) which we cbtained by treatment of the
nitrolysis syvstem at —40° with acetic anhydride were undoubtedly derived
either from l-hydroxymethyl-3,5-dinitro-1,3,5-triazacyclohexane (II) or 1-
dimethyvlolaminomethyl-3,5-dinitro-1,3,5-triazacyclohexane (I). This is evi-
dent in the fact that the type of ester linkage obtained was dependent on the
mode of addition of acetic anhydride. Since reaction in a side chain is more
facile than in the ring (otherwise Cyclonite would not be the principal product
under normal conditions of reaction) the first step in the formation of IV will
be either esterification of II, or nitrolysis of I at linkage “A". In either case
the product will be VII, wherein OR will be nitroxy or acetoxy depending on
the relative concentrations of nitrogen pentoxide and acetic anhydride.* The
second step, evidently slower than the first, involves nitrolysis of the ring at
linkage “B". In consequence OR’ will preponderantly be acetoxy because of
the excess of acetic anhydride when this slower reaction occurs. No other
explanation can account for the isolation of IV (R = NO,, R’= CH;CO)
largely uncontaminated with the two alternative symmetrical esters.

The evidence thus far presented by Dunning, Dunning, and ocurselves cannot
differentiate between I and II as the stable reaction intermediate from which
dinitrodiazapiperidinium nitrate (V1) was derived by hydrolysis with water.
A choice ought to be possible, however, if dimethylolnitramide (VIII) could
be found in the hydrolyzate. 1f the intermediate were II then VIII ought to
be found as well, whereas only formaldehyde and ammonia would be obtained
if 1-dimethylolaminomethyl-3,5-dinitro-1,3,5-triazacyclohexane were the
progenitor in the hydrolyzate which produced dinitropiperidinium nitrate (VI).
A simple method for detection of VIII involves neutralization of the hydro-
lyzate with ammonia in presence of {ormalin, whereby 1, 5-endomethylene-3,
7-dinitro-1,3,5,7-tetracycloéctane (1X) is precipitated if dimethylolnitramide
(VIIID) is present (4).

* It 45 assumed that the equalibrivm Ac,O + 2HNO; == N.Os + 2HOAc prevails in the nitric
acid-acetic anhydride system and that acelyl nitrate is practically absent. The presence of nitrogen
pentoxide has been suggested by Jones and Thorn (8) and the absence of acetyl nitrate by the demon-
stration (9) that this substance will not cause nitrolysis of hexamine. It was surprising to observe
that Dunning and Dunning (7) continually mention acetyl nitrate as @ nitrolytic agent, If these

authors actually used the nitric acid—acetic anhydride mixture then a correction ought to be issued
by them in consideration of the danger in manipulation of true acetyl nitrate.
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Unfortunately, in the interest of exact correlation, the presence of VIIE
cannot be demonstrated in a reaction mixture containing more than 20 moles
of nitric acid per mole of hexamine (4). For this reason the conditions which
Vroom and Winkler probably-used could not be simulated for this tesi. How-
ever when we used 20 moles of 97%, nitric acid per mole of hexamine at —40°
to —20° we were able to isolate I1X in quantity representing 8% of the dimethy-
lolnitramide which would have been formed by nitrolysis of 1-dimethylol-
aminomethyl-3,5-dinitro-1,3,5-triazacyclohexane (I) to give I-methylol-3,
5-dinitro-1,3,5-triazacyclohexane, I1. The other product of the reaction was
dinitrodiazapiperidinium nitrate contaminated with hexamine dinitrate but
not with Cyclonite. It is therefore evident that at least some of 11 has an appre-
ciable lifetime under these reaction conditions. The low vield does not, of
course, preclude the simultaneous presence of 1.

In summary it should be observed that, while the isolation of 3, 5-dinitro-3,
5-diazapiperidinium nitrate does not establish it as a stable intermediate in the
nitrolysis of hexamine to Cyclonite, it cannot be excluded as an individual in
the reaction sequence which is involved in the complete nitrolysis. Its ease of
nitration, characteristic of a weak secondary amine (6) precludes the necessity
for nitramine formation by nitrolysis, which has been observed with a less
easily nitrated amine (2). No evidence yet at hand excludes the possibility
that II may simply demethylolate to give VI which is easily nitrated to V.

Experimental*

3, 5-Dinitro-3, 5-diazapiperidinium Nitrate (V1) and Cyclonite, V

The requisite concentration of nitric acid was prepared from colorless 1009,
and 709, acids. A 125 ml. flask equipped with thermometer was immersed in
a dry-ice bath until it began to freeze, was then transferred to a bath at —40°C,,
and the amine nitrate added at once. The flask was swirled for the requisite
time and then chilled in the dry-ice bath while sufficient ice was added at once
to bring the volume to 50 ml. The temperature rose to about —18° during this
dilution. When the mixture had warmed to 0° it was filtered and the solid
washed with cold 959, ethanol and ethyl ether. The vacuum-dried product
melted variously from 98° to 103°C. regardless of the content of Cyclonite.

The amount of Cyclonite was determined by treating 1/10th gm. samples
of product with 1.5 ml. of 709, nitric acid. After the mixture was heated to
boiling it was let stand without additional heat until strenuous decomposition
occurred after several minutes. After dilution with 2.5 ml. of water the Cvclo-
nite was filtered and washed with ethanol and ether. The vacuum-dried pro-
duct melted variously from 196°-202°C. Recrystallization from 70% nitric acid
raised this melting point to 204°-205°.

The vyields of Cyclonite obtained in this manner de not include those amounts
dissolved in the reaction liquors. If such reaction liquors are boiled until gas
evolution is complete and then are cooled and half neutralized with alkali,

* All melting points have been corrected against relinble standards.
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additional Cyclonite is precipitated which augments the original vield by
0.5-2.5%,. The vields reported in Tables I, II, and III represent Cyclonite
isolated from unboiled reaction liquors.

3, 7-Endomethylene-1, 5-dintiro-1, 8, 5, 7-letrazacyclosciane (IX)

The procedure was identical with that described above except that 2.66 gm.
(0.01 mole) of hexamine dinitrate was treated with 8 ml. {0.20 mole) of 97%,
nitric acid at —45° to —25° over two minutes and then poured into fine ice.
After fiveminutes the diluted reaction mixture was filtered rapidly at — 15°. The
filtrate was received into 150 gm. of ice containing 2 ml. of formalin. This cold
filtrate was rapidly but cautiously and repeatedly neutralized with about 18
ml. of concentrated ammonia to pH 5.6. After three hours at +5° the endo-
methvlenedinitrotetrazacyclodctane was filtered off, wt. 0.83 gm. This 49
vield was identified by mixed melting point. Decomposition with hot 70%
nitric acid did not yield any Cyclenite.

1-Aceloxy-T-nitroxy-2, 4, G-trinitro-2, 4, 6-iriazaheptane (IV, R = NOs;
R'= CH,CO)

After 20 ml. (0.47) mole) of 979, nitric acid had been chilled to —45°C. and
had partially crystallized it was treated at once with 2.66 gm. (0.01 mole) of
hexamine dinitrate. The mixture was stirred for one minute while the tem-
perature rose to —35°C. and then was chilled to —55° during one minute. To
this stirred mixture was added over seven minutes 48.5 ml. (0.5 mole) of acetic

anhydride with cooling so that the temperature was maintained between
—35° and —25°.

A precipitate (Cyclonite, V) began to form after about halfl the anhydride
was added. When the addition was complete the suspension was warmed to
—20°C. and filtered. The Cvclonite (1.25 gm. or 569, of theoretical) melted
at 204.5°-205°, It was evidently f{ree from 1,3,5,7-tetranitro-1,3,5,7-tetra-
zacyclodetane (3) since 709, could be recovered (m.p. 205°-206°) by destruction
of unstable impurities with boiling nitric acid. ‘

The filtrate from which the Cyclonite was removed was diluted into 200 gm.
of finely ground ice, and 120 ml of 409, aqueous potassium hydroxide was
added. The vacuum-dry compound which precipitated weighed 1.60 gm. (m.p.
126°-160°C.) after washing with cold ethanol and ether. This product was
extracted with 12 ml. of dry acetone at 25°C. to leave 0.6 gm. of potassium
nitrate. The extract was diluted with 30 ml. of petroleum ether (b.p. 40°-60°).
The precipitate (0.62 gm.) melted at 143°-143.5°. Repeated purification from
acetone—petroleum ether increased this melting point to 146°-147°C. (de-
comp.). Calc. for CeH;N;Omi: C, 20.2; H, 3.11; N, 27.4%,. Found: C, 19.8;
H, 2.96; N, 27.99,. When this compound was crystallized by three minute
reflux in ethanol it was converted to l-acetoxy-7-ethoxy-2,4,6-trinitro-2,4,
G-triazaheptane, m.p. 107°-108° {IV, R = Iit, R'= CH3CO) (5). Calc. for
CsH1sNeOy: C, 28.5: N, 24.79,. Found: C, 28.2; N, 24.89%,. Further proof
was obtained by treatment of IV (R = NO,, R’= CH;CO) with sodium ace-
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tate in acetic acid. It was thus converted to IV (R, R"= CH,CO) and iden-
tified by melting point, mixed melting point, and comparison of the X-ray
diffraction patterns.

The principal lines of the X-ray diffraction patterns are recorded for these
substances in Table IV together with that of l-ethoxymethyl-3,5-dinitro-1,3,
5-triazacyclohexane (VII, R = Et) in order to show nonidentity of the latter
(7) with the compound specified as I'V (R = Lt, R'= CH;CO).

TABLE IV

X-rAY DIFFRACTION; Cu, Ka RADIATION; d, kX

Intensity, I/

Substance ——‘—|
1 2 3 4 5 6 7 8 9 10

. 14.57|3. 31
IV (R = NO,R'= Ac) 4.76 | 2.80 | 12.2 | 3.03 | 6.15 | 4.11 | 3.73 | 5.11

2.92(3. 48 |

IV(R=Et,R'=Ac) |2.371.89] 4.14 | 4.52 | 6.13 | 3.26 | 2.69 | 2.97 | 3.92 | 5.20
8.56/2.10{ 4.32 | 3.03 | 3.28 | 2.8% | 3.75 |13.1 | 3.97 | 5.08
6.33(4.77] 1.97 | 3.38 1 2.95 | 2.77 | 2.72 | 3.61 | 4.06 | 4.56
2.56(7.31| 2.46 | 4.03 | 3.13 | 3.04 | 3.79 | 3.62 | 8.06 | 5.77
2.24{2.83| 2.33 | 2.67 | 2.89 | 6.69 | 6.13 | 3.40 | 4.56 | 5.20

IV (R, R"= Ac)

VII (R = Et)

1, 7-Diacetoxy-2, 4, 6-trinitro-2, 4, 6-triazaheptane

The nitrolysis was identical with that of the previous experiment. The re-
action mixture at —55° was then added over 45 sec. to 0.5 mole of acetic
anhydride at —70°C. The temperature of the cooled mixture rose to —35°
and then receded to —50° where it was maintained for five minutes. A pre-
cipitate appeared after the second minute. The suspension was warmed to
—35° during three minutes and then was filtered to remove 0.75 gm. of Cy-
clonite, m.p. 202°-204°.

The filtrate was diluted into 200 gm. of fine ice to which 130 ml. of 409,
aqueous potassium hydroxide was added. The vacuum-dry precipitate weighed
1.40 gm. after filtration and cold ethanol- and ether-washing, m.p. 152°-180°
(soft at 142°).. Decomposition of an aliquot with hot 709, nitric acid showed
that it contained 15%, of Cvclonite, augmenting the yield of this substance to
449, of theoretical.

The crude product was extracted with hot chloroform and this evaporated
extract crystallized from carbon tetrachloride and then from 1: 4 water—ethanol
to yield 0.52 gm. (1569 of theoretical) of 1,7-diacetoxy-2,4,6-trinitro-2,4,
6-triazaheptane, m.p. 1567°. A mixed melting point with an authentic sample
was not depressed, and the X-ray powder patterns for the two samples were
identical.



~I

ju—y

[= B T NN

—O @l

=

use only.

Can. J. Chem. Downloaded from www.nrcr&archplzreescom tg{ UNIVERSITY OF NORTH TEXASLIBRARY on 11/11/14
Or person

CANADIAN JOURNAL OF CHEMISTRY. VOL. 29

References

. AristorF, E., GraHaM, J. A, MEEN, R, H., MYERrs, G. S., and WrIGHT, GrorRGE F Can.

J. Research, B, 27:520. 1949.

. Borviy, J. L. and WricHT, GEORGE F  Can. J. Research, B, 28: 213. 1950.

. BZ(C‘))SKMASI',)F' J., Dowwing, D. C., and WricHT, GEORGE F Can. J. Research, B, 27:
. 1949,

. Cuutg, W. ]., DownNing, D. C.,, McKav, A. F., Mvers, G. S., and WricHr, George F

Can. J. Research, B, 27:218. 1949,

. CHurg, W. J., McKay, A. F,, MEEN, R. H., Myers, G. S., and WriGHT, GEORGE F  Can.
J. Research, B, 27: 503. 1949.

DuNN, G. E,, MacKEenziEg, J. C., and WRIGHT, GEORGE F Can. J. Research, B, 26: 104.
1948. )

. Dunning, K. W, and Dunming, W. J. J. Chem. Soc. 2920, 2925, 2928. 1950.

Jones, R. N. and THorN, G. D. Can. J. Research, B, 27: 580. 1949.

. McKay, A. F., Ricumonp, H. H., and WricHT, GEoORGE F Can. J. Research, B, 27: 462,

1949,

. 'VrooM, A. H. and WinNgLER, C. A. Can. J. Research, B»28: 701. 1950,

. WINKLER, C. A, Private communication.





