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ABSTRACT

The purity of the cyanoacrylate monomers was estimated by
ges-chromatographic technique. Some of the impurities, like
diglyme, cyanoacetates were identified by noting the retention
volumes. A plet of the retention volumes vs. number of carbons
in the alkyl part of the cyanoacrylates was found to be linear;
however, the use of temperature programming to obviate the
broadsning of the peaks for compounds having higher retention
volumes was not successful, due to the shifting of the bese line
with increas? in temperature.
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INTRODUCTION . g

The n-alkyl cyanoacrylate monomers, known for their applications
as adhesives, are being inlvestigeted by the Army Medical Biofaechanical
Research Laboratory with regard to tissue reaction, toxicity, and over-
all suitability as surgical a.d;unctl.1 A procedure wais necessary.to
determine the purity of each of the monomers which.were synthesized

in our laboratory to be used for further research. Gu-liquid chromttogrephy

offered a technique which was both ¢lt and accurate for the determination
of purities of the monomers and the identification of the 1mpur!tiel that °
. were prelent. .

EXPERIMENTAL . ;

. . . P .
Apparatus: F & M Model 700 gas chromatograph equipped with
an F & M dual hydrogen flame ionisation detector was used. The recording
device was a Model LSL1IA Weltronicl recorder. W

Column; Columns were prepared from 1/ 4-1nch o.d. stainless
steel tubing in lengths of 6 feet. The :lnert support wis 80/100 mesh
chromosorb P containing 10% by weight of Sﬂicone Gum Nutrile (F & M
Scientific Company).

Chromatoggem Conditions: The column temperature was maintained

at 1656 C for methyl through buty'l homologs and 185° for amyl through
nonyl homologs. Injection port temperature was 210° at all times.
Helium zero-grade gas supplied by,Methelon was used as the carrier
_gas at 25 p.s.i. and at a flow rate of 30 ‘ml/min at outlet measured with
soap bubble apparatus with a letting of 3.0 on the nometen -on the

F & M 700 chromatography.

Detector temperature was 230° C with hydrogen setting of 2.5
on the flowmeter at 30 p.s.i., and compressed air at 2.5 arbitrary
units setting on the flowmeter at 12 p.s.1i.

ANALYSIS

Samples of the monomers prepared were made up at 3-5% by

"weight in methylene chloride. Nitromethane was also used; however,

it was more hydroscopic and therefore difficult to use in presence of
monomers prone to polymerize with water, 1.0 to 2.0 (sample
size) were injected with a 10 #{ Hamilton syringe into the column,

The impurities were identified by comparing retention times of known
compounds under identical conditions to that of the impurity in the sample
and also by spiking the sample with the suspected impurity and observing
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; if the impurity peak was superimposed by the added "suspect' with
' { no shoulders or tailing of the impurity peak,
D " " DISCUSSION
*o.. v Listed in Table I are the monomers prepared and the purity
L calculated for each monomer and the impurities identified. The

corresponding alcohols were present as an impurity to a greater de
- . degree than any other, The presence of alcohols can be explained

¢ by reviewing the cyanoacrylate preparation by the cyanoacetate which

: .. is the product of esterification of the corresponding alcohol and

i ‘cyano-acetic acid, 4 Diglyme (diethyleneglycol dimethyl ether)

— : - was another impurity identified whose presence can be explained

' " since it is also a starting material in the synthesis of the alkyl

. . cymoncryhtu. Chromatoguml #1 and # 2 are typical chromato-

-grams of n-hoptyl and uobutyl cyanoacrylates.

.t To help further 1dent1ﬁcltion and to check the separation of the
cyanoacrylate monomers, a mixture of the n-homologous series of
- o " methyl through octyl was prepared and injected. Chromatogram # 3
i : shows ‘the effective separation of 5'[. monomer mixture by weight in

* methylene chlorlde.

o d , “The rohtlve retention volumes for each of the cyanoacrylates
o are calculated and reported in Table II. 3 N-butyl cyanoacrylate is
o given the value of 1. 00.

Graph I illustrates the linearity when the log of the retention time
versus the number of carbon atoms in the homologous seriez is plotted.

Temperature programming was attempted to speed up the
analysis of the monomer mixture; however, due to substrate bleeding
: at higher column temperatures, there was large baseline drifting.
Therefore, quantitative results were found not to be acceptable with
the large drift of baseline,

Due to the fact that standard n-alkyl cyanoacrylate samples were ,
not available, the internal normalization method was employed. 4 Results
obtained from this method are independent of sample size within reasornable
limits, as the procedure is to sum the areas of all the peaks and
divide this value into the area of the individual peak. However, detector
response must be approximately the same for all compounds being
evaluated to avoid large error in such measurements, Detector
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response for the n-alkyl cyanoacrylate and various alcohols and other
impurities present i some of the work presently being carried out.

CONCLUSIONS

) Gas-litiuid chromatograph is a useful tool for the determination
of the purities of the - alkyl cyanoacrylates. It offers a fast and
accurate method for the identification of impurities that may be present.

RECOMMENDATIONS

The investigation of the relative sensitivity of the members of
the homologous ‘series of cyanoacrylates, and also the impurities, is
necessary for evaluation of the true purities of the samples. This
work is already in progress. The gas chromatographic evaluation may
be extended to measure the purity of the polymers of cyancacrylates
as well, because they get cracked and depolymerized in the chromato-
graphic columns. More careful work on temperature programming is
proposed, using properly equilibrated columns for avoiding the base-
line drift commonly experienced, as of now,

Citation of specific commercial equipment, material or trade
names in this report does not constitute an official endorsement or
approval of the use of such commercial products.
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S i 3R A 5. SR AT AR 3 SR % 5 s e
TABLE 1 Q
MONOMERS 4
L e
v+ o__Cyancacrylate Purity Impurities
N Methyl © 98.7% Not identified ‘
Ethyl 99. 5%+ None measurable
Propyl ‘ 99. 5%+ None measurable
Butyl : 99.5%+ None measurable
Amyl 99.2% 0.8% Amyl Alcohol
Hexyl 96.8% 1.8% Isomer of Hexyl Cyano-
] acrylate; 1. 4% Hexyl Alcohol
Heptyl 99.1% 0.9% Heptyl Alcohol
Octyi 98.8% 0.3% Octyl Alcohol
0.9% Unidentified
Noryl 97.9% 2,1% Nonyl Alcohol
Iso-Propyl 99. 5%+ None measurable ) \
- Iso-Butyl 99, 5%+ None measurable ?.
3 Iso-Amyl 99.5%+ None measurable '
Ethyl Hexyl 99.0% 1.0% Ethyl Hexyl Alcohol
= Cellosolve 98, 0% 2.0% Not ldentified
|
TABLE 11

l

Lo Relative Retention Volumes of N-Alkyl

| Cyanoacrylates at 170° C

P _(N-Butyl Cyanoacrylate assigned relative retention volume of 1, 00)

; Relative
! Retention Retention *
' Volume Volume
‘ Methyl Cyanoacrylate 132 ml 0. 48
Ethyl Cyanoacrylate 150 ml 0. 56
N-Propyl Cyanoacrylate 199 ml 0.73
‘ N-Butyl Cyancacrylate 274 ml 1. 00
1 N-Amyl Cyanoacrylate 383 ml 1, 40 s
N-Hexyl Cyanoacrylate 542 ml 1, 98 !
N-Heptyl Cyanoacrylate 765 ml 2.79
\ N-Octyl Cyanoacrylate 1100 ml 4,01
ST T ATt S e Y LR T gt W
‘ |
\ : |
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