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ABSTRACT: Dichlorofluoroacetaldehyde was prepared from methyl dichlorofluoro-
acetate by reduction with lithium aluminum hydride. Highly purified dichlorofluoro-
acetaldehyde was polymerized using various cationic and anionic initiators to a crystal-
line insoluble polymer or an amorphous soluble polymer, depending on polymerization
conditions. It could be stabilized and the thermal degradation behavior was compared
with polymers of other perhaloacetaldehydes. The monomer was also copolymerized
with other haloacetaldehydes and phenyl jsocyanate.
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Dichlorofluoroacetaldehyde polymerization was
studied to learn more about the effects of molec-
ular structure on the physical and chemical
properties of perhaloacetaldehydes and their
polymers; such as polymerizability, ceiling tem-
perature, crystallinity, and thermal stability, in
a series of perhaloacetaldehydes which have
been investigated.

Trichloroacetaldehyde, chloral, can be poly-
merized' ™ only to an infusible crystalline poly-
mer insoluble in organic solvents.* Trifluoro-
acetaldehyde, fluoral, has been polymerized to
crystalline®® or a mixture of crystalline and
amorphous (presumably atactic) polyacetal de-
pending on polymerization conditions.” This
difference in polymerization is apparently caused
by the smaller size of the fluorine atoms com-
pared with the chlorine atoms. The crystalline
forms of polychloral® and polyfluoral® are pre-
sumed to be isotactic polymers. Both polymers
have been prepared with anionic and cationic
initiators.

It was concluded that in the polymerization

* Part VII: B. Yamada, R.W. Campbell, and O.
Vogl, J. Polym. Sci. Chem. Ed., in press.

** On leave from Osaka City University, Osaka,
Japan.

of chloral the initiator has little or no influence
on the stereoregularity of the polymer' and it
was, therefore, believed that the size of the
side group relative to the length of the bonds
of the polymer backbone that are formed dur-
ing polymerization determined exclusively the
stereoregularity of the polymer.

It was of interest to prepare and polymerize
the two chlorofluoroacetaldehydes, in this case,
dichlorofluoroacetaldehyde, in an attempt to
find out how large the side group must be in
order for the polymer to form only the isotactic
polymer. Recently, difluorochloroacetaldehyde
has also been prepared and polymerized."

EXPERIMENTAL

Materials

Methyl dichlorofluoroacetate (bp 154°C, lit.
154°C') was prepared on a three molar scale by
treatment of methyl trichloroacetate with SbF;
in a reaction catalyzed by bromine.'? This ester
was obtained by the esterification of trichloro-
acetic acid (Eastman Kodak) with methanol.

Initiators
Triphenylphosphine (Ph,P) (Aldrich) was puri-
fied by recrystallization from benzene.
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Lithium tert-butoxide (LTB) (Alfa Inorganics)
was purified by sublimation at 0.1 mm and
150°C prior to use.

Triethyl aluminum (Texan Alkyls), titanium
tetrachloride (Fisher Scientific), antimony penta-
chloride (Alfa Inorganics), sulfuric acid (Fisher
Scientific), and dimethylformamide (Eastman
Kodak) were used as supplied.

Solvents

Toluene and dichloromethane were dried with
calcium hydride and stored in a nitrogen atmos-
phere. Methylcyclohexane was distilled from
sodium metal and stored under a nitrogen at-
mosphere. Anhydrous ether (Fisher Scientific)
was used directly from freshly opened cans.

Synthesis and Polymerizations

Reduction of Methyl Dichlorofluoroacetate.
Methyl dichlorofluoroacetate (100g, 0.69 mol)
was allowed to react with lithium aluminum
hydride (6.9 g, 0.18 mol) according to the pro-
cedure described in our earlier paper.* The
product was distilled through a 1-ft Vigreux
column and the fraction boiling between 57
and 60°C at 50 mmHg was collected in 75-%
yield. It was found to contain a mixture of
the hemiacetal and the hydrate of dichloro-
fluoroacetaldehyde.

Dichlorofluoroacetaldehyde (CCl,FCHO)

The aldehyde was prepared by dehydration
of the above mixture with sulfuric acid. Equal
volumes (10 m/) of the hydrate mixture and
concd sulfuric acid were mixed in a 50-ml
round bottom flask and heated under nitrogen.
Vigorous stirring was required to effect the
formation of a high yield of dichlorofluoroace-
taldehyde. The aldehyde was distilled through
a 8-inch Vigreux column and collected in 65-%
yield; bp 56°C. Prior to polymerization the
dichlorofluoroacetaldehyde was further purified
by trap to trap distillation from phosphorus
pentoxide under a reduced pressure of 0.2
mmHg. Gas chromatography showed the alde-
hyde to contain less than 20 ppm of water.

Anal. Caled for C,HCILFO: C, 18.35; H,
0.77; F, 14.51. Found: C, 18.61; H, 0.77;
F, 14.45.

The infrared spectrum of dichlorofluoroacetal-
dehyde showed bands at 2855cm™ for the al-
dehyde hydrogen and 1772 cm™ for the carbonyl
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stretching. These were observed in either car-
bon tetrachloride or hexane.

In addition a band at 1363cm™ (in plane
C—H bending) and others at 1182, 1104, 1058,
1000, 967, 783, and 623 cm™ (probably due to
carbon-halogen vibrations) are observed.

The corresponding main absorptions for chlo-
ral were at 2850 and 1767 cm™.

The PMR and “F NMR spectra were re-
corded for a 10-% solution of dichlorofluoro-
acetaldehyde in carbon tetrachloride. The al-
dehydic proton was split by the fluorine of the
adjacent dichlorofluoromethyl group into a dou-
blet at 9.15 ppm, relative to tetramethylsilane.
The coupling constant, Jy—r=5.0Hz, 0.32 ppm
was downfield from an external trifluoroacetic
acid lock signal.

Dichlorofluoroacetaldehyde 2,4-Dinitrophenylhy-
drazone. [CClL,FCH=NNHCH,(NO,);] was pre-
pared according to the method of Ross and
Ring™ which is specifically used for the pre-
paration of 2,4-dinitrophenylhydrazones of
haloacetaldehydes.

A solution of 2,4-dinitrophenylhydrazine (1 g
in 20 m/ concd HCI) at 45°C was added to a
stirred solution of dichlorofluoroacetaldehyde
hydrate (1.3g in 2-m/ concd HCI). After stir-
ring for 2 hr at room temperature, the mixture
was chilled and the yellow crystalline precipitate
was collected by filtration, washed with water,
recrystallized from ethanol, and dried mp 127°C.

Anal. Calcd for CH,CLLFN,O,: C, 30.67; H,
1.61; N, 17.88. Found: C, 30.45; H, 1.93; N,
17.79.

Dichlorofiuoroacetaldehyde Hydrate

Water was added in one microliter increments
to a 10% solution of dichlorofluoroacetaldehyde
in chloroform in an NMR tube and the NMR
spectra were recorded. The resulting product
was the stable hydrate, as shown by the ap-
pearance of two peaks: a doublet at 5.27 ppm
(Ju-r=3.0Hz) and a singlet in the range 4.5—
5.2 ppm, depending on concentration correspond-
ing to the hydroxyl protons. The integrated
intensity of the two absorptions was 1:2, re-
spectively. Each injection of water caused the
aldehyde proton signal to decrease and the two
hydrate resonances to increase in amplitude.
Substitution of deuterium oxide (D,0) for the
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water resulted in the same observations, except
that the hydroxyl resonances were not observed
due to the replacement of their protons by
deuterium. The F spectra in each case con-
sisted of a doublet 1.58 ppm upfield from an ex-
ternal lock of trifluoroacetic acid, Jg—r=3.0 Hz.

Polymerization

All the polymerizations of dichlorofluoroacetal-
dehyde were carried out in sealed tubes. The
initiator solution was sealed in a small vial and
placed into the larger polymerization ampule.
The monomer and the desired solvent were
vacuum distilled into the ampule and the am-
pule was sealed at 0.1 mmHg. The sealed tube
was heated to the desired temperature and the
vial containing the initiator solution was broken
by shaking the ampule vigorously.

A typical polymerization experiment was as
follows: The initiator solution of Ph,P (0.013 g
in 0.2m! toluene) was sealed in a small vial
(5 mm x 20 mm) which was then placed into a
clean flamed-out polymerization ampule (18 mm X
200 mm). Dichlorofluoroacetaldehyde (1.5 g) and
solvent, if any, were distilled at 0.1 mmHg into
the ampule, which was cooled in liquid nitrogen,
and the ampule was sealed. The ampule was
then heated to 75°C and shaken vigorously in
order to break the initiator ampule. Because
the initiator ampule had been sealed under a
nitrogen atmosphere at room temperature, it
broke readily and dispersed the initiator solution
immediately in the monomer to give a homo-
geneous solution. The reaction was kept at
30°C for 46 hr, after which time the contents
of the ampule had solidified. The tube was
opened and the contents poured into 25ml! of
acetone and stirred for 24 hr. The suspension
was filtered and the insoluble polymer was col-
lected on a sintered glass funnel and dried
under reduced pressure.

Anal. Caled for C,HCL,FO: C, 18.35; H,
0.77; F, 14.51. Found: C, 18.48; H, 0.89; F,
14.39.

The IR spectrum of the raw polymer (KBr)
showed absorptions at; 3380 cm™ (hydroxyl end
groups); 2948 cm™ (C—H stretching); 1360 and
1338 cm™ (C—H bending); plus carbon-halogen
vibrations at 1158, 1120, 1060, 975, 870, and
703cm™. The spectra of the soluble and in-

Polymer J., Vol. 9, No. 1, 1977

VIII.

soluble fractions are indistinguishable.

The filtrate was poured into 200m/ of ice
water to precipitate any acetone-soluble polymer.

Experiments carried out with the same ex-
perimental procedure but under different condi-
tions are summarized in Table II.

Acetylation of the polymers of dichlorofluoro-
acetaldehyde was carried out with acetic an-
hydride in order to increase the thermal stability
of the polymers. In a dried test tude, 100 mg
of powdered polymer and 2ml! of freshly dis-
tilled acetic anhydride were allowed to react at
room temperature for 48 hr, which was sufficient
time to achieve acetylation. Acetone-insoluble
polymer was also insoluble in acetic anhydride
and was isolated by filtration through a sintered
glass funnel. The polymer was further purified
by extraction with acetone in a Soxhlet ap-
paratus for 48hr and was then dried under
reduced pressure. The acetone-soluble polymer
was isolated from the acetylation mixture by
pouring it into 100 m/ of ice and the polymer
was filtered and purified by an additional pre-
cipitation from an acetone solution with water.

Copolymerizations of dichlorofluoroacetalde-
hyde with chloral and chlorodifluoroacetaldehyde
as well as with phenyl isocyanate were carried
out in a similar manner to the homopolymeriza-
tion described above.

Measurements

Infrared spectra were measured on a Perkin-
Elmer 257 spectrophotometer or on a Perkin-
Elmer 727 Infracord.

NMR spectra of dichlorofluoroacetaldehyde
and the soluble polymer portion were recorded
on a Perkin-Elmer R-32 90-MHz spectrometer.

The GC analyses were carried out on a Varian
Aerograph 920 Chromatograph under the follow-
ing conditions: 3 ftx1/4-inch column packed
with 80/100-mesh Porapak Q; column tempera-
ture, 130°C; injector temperature, 190°C; detector
temperature, 205°C. The retention time for the
dichlorofluoroacetaldehyde was 250 sec and for
water was 55 sec.

Differential thermogravimetric analysis was
used to characterize and compare the thermal
stability of polydichlorofluoroacetaldehyde pre-
pared by different techniques. A Perkin-Elmer
TGS-1 thermobalance was used with a sample
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size of about 10mg in a nitrogen atmosphere
and at a heating rate of 5°C/min to determine
the thermal degradation spectrum and the maxi-
mum degradation rate temperature in regular
(TGA) and differential (DTG) modes of operation.

Isothermal pyrolysis of polydichlorofluoro-
acetaldehyde was carried out in a 18 mm x 100
mm ampule with a 10 mm x 300 mm L-shaped
side arm to determine and identify the degrada-
tion products. The polymer sample (100—300
mg) was placed in the ampule and the system
was evacuated and sealed under 0.2-mmHg
pressure. The end of the tube which contained
the sample was heated in a sand bath at 250—
300°C for several hours until the sample had
completely degraded; then the degradation pro-
ducts were collected in the side arm which
was cooled to dry ice or liquid nitrogen tem-
perature.  After completing the degradation,
which is easily observed by the complete dis-
appearance of the polymer, the colorless liquid
in the side arm was identified by gas chromato-
graphy as the monomer of greater than 95-%
purity. Additional identification of the degrada-
tion product was carried out by NMR spectro-
scopy in carbon tetrachloride solution.

RESULTS AND DISCUSSION

Dichlorofluoroacetaldehyde has been prepared
in a sequence of four steps and an overall yield
of 20%.

Trichloroacetic acid was esterified in 75-%
yield with methanol catalyzed by sulfuric acid.
Methyl trichloroacetate was converted to methyl

SYNTHESIS OF CCl,FCHO

SbFy — Brp

—_—

Reflux, 15 hrs.
(~120 °C)

CCl5COOCH3 CCl,FCOOCH

53%

LiALH4
CCl,FCOOCH; ———
~78°, Ether

Hp0
-

CCl, FCH(OH),
45 %

conc. HpSO4

—_—

CClFCHOH)2 CCl,FCHO

3%
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IR Spectrum of CICF,CHO
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Figure 1. Infrared spectrum of dichlorofluoro-
acetaldehyde.

Table I. Physical properties of CCLI,FCHO

56°C

1772 cm~! (in CCly)

9.15 ppm (in CCly)
Ju-r=5.0Hz

127°C

bp

IR carbonyl absorption

PMR chemical shift relative
to TMS

mp of
2,4-dinitrophenylhydrazone

dichlorofluoroacetate with SbF, in the presence
of bromine as the catalyst in more than 50-%
yield. The ester was reduced with lithium
aluminum hydride to the corresponding alde-
hyde, whose hydrate was isolated in almost 50-%
yield. The hydrate was then dehydrated with
sulfuric acid and the aldehyde purified by re-
peated distillation from phosphorus pentoxide
to obtain polymerization grade monomer.

Other more direct ways for the preparation
of dichlorofluoroacetaldehyde, for example, an
attempted displacement of one chlorine atom
of chloral with a fluorine atom using a fluoride
ion from an alkali metal fluoride, failed to give
the desired reaction product. In separate ex-
periments it has been noticed that radioactivity
could be introduced into chloral when it was
treated with **CI° in a nucleophilic displacement
reaction with ammonium or phosphonium
chlorides.

Dichlorofluoroacetaldehyde (I) was character-
ized by its elemental analysis, its dinitrophenyl-
hydrazone, and also by its NMR and IR spectra
(Figure 1), (Table I).

Polymerization of (I) to poly(I) was attempted
with initiators which have been to know give
polychloral from chloral by an anjonic or cationic
mechanism. Using LTB, an apparent anionic
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initiator, at an initiator concentration of 0.8
molg at 25°C gave insoluble poly(I) at 80-%
conversion when the reaction was terminated
after 5 days. No soluble fraction was observed.
A more extensive study of the polymerization
of (I) was done with Ph;P as the initiator. At
30°C and an initiator concentration of 0.2 mol%;,
a 779 yield of acetone-insoluble polymer was
obtained. At —5°C the total yield was 80%,
of which 1094 was acetone-soluble. At —78°C
and with 0.2-mol¢ Ph,P, the total yield of poly(I)
was 709, of which 1595 was acetone-soluble.
It is believed that the polymerization of (I)
with these initiators is caused in a similar way
to the polymerization of chloral. The inition
step, therefore, would be the addition of ters-
butoxide ion to the carbonyl carbon of (I) in
the case of LTB and the addition of chloride
ion to (I) in the case of PhyP."* The propaga-
tion of this polymerization is undoubtedly via
the alkoxide ion to form the polyacetal (eq 1).

CCILF
| | |
R®+C=0 — R—C—0° — ~(C—0)~
| | |
H H

CCLF CCLF

(1)

We have made no attempts to identify speci-
fically the termination of this polymerization
other than to characterize the final polymer be-
fore and after acetylation by thermal degradation.

Polymerization of (I) with typical cationic
initiators has also been studied. These initiators
gave exclusively acetone-insoluble polymers.
With antimony pentachloride at 0.6-mol% con-
centration at —78°C, approximately 80-¢% yield
of insoluble poly(I) was obtained after 1 hr.
However, with TiCl, as the initiator at 0.2 mol%
at 30°C an insoluble polymer was isolated in
32% yield after 2hr, but no polymer was ob-
served after 8 days at —78°C, with H,SO, as
initiator, 829 of insoluble polymer was isolated
after 46 hr but no polymer was obtained after
5 days at —78°C. Boron trifluoride etherate
at 3-mol% concentration at —5°C gave, after
48 hr, 13-% of insoluble poly(I) and AICI, 25-%
at —5°C. Cationic polymerization is believed
to be initiated by and to propagate through an
oxonium ion (eq 2).
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Table II. Conditions of CCI.FCHO

polymerization
Initiator Polymerization
Amount, Tem Time Sggve;-
Type mol% ’ °Cp’ hr 7
Ph;P 0.2 —78 48 55, (16)
PhsP 0.4 -5 48 70, (10)=
PhsP 0.2 30 48 77
LTB 0.2 —78 48 5
LTB 0.8 25 2 85
Al(C:Hs)s 0.5 —78 24 62
Pyridine 0.5 —178 1 12
DMF 0.5 —78 1 29
SbCl; 0.6 ~78 1 79
TiCl® 0.2 25 2 32
H,SOs 0.7 25 46 82
BF;-O(C;Hs)2° 3.0 -5 48 13
AICl,¢ 1.2 -5 72 24

@ Acetone soluble polymer.

® No polymer after 5 days at —78°C.

¢ 50% methylene chloride solution.

4 Initiator not soluble in reaction mixture.

CFCl, CFCl, CFCl,

R® 0:(1:—»R8=C|—+ ~ O—Cl ~
H | R
H H H
(2)

When the initiating species was a proton, for
example, when sulfuric acid was used as the
initiator, at least one end of the polymer chain
was known to be a hydroxyl group. This was
confirmed by infrared and end capping studies.

No systematic studies have yet been made to
relate the type of initiator, initiator concentra-
tion, polymerization temperature, and poly-
merization time to the conversion of (I) to poly(I)
and the tacticity of the polymer (Table II).

Poly(I) is a poly(oxymethylene) substituted with
a dichlorofluoromethyl group. We have shown
that cationic initiators as well as anionic initia-
tors are effective for the polymerization of (I).
The rate of polymerization, or better, the rate
of conversion of (I) to poly(I) was not deter-
mined, but it seems to be much slower and
more erratic than in the case of the polymeriza-
tion of chloral. Our studies of polymerization
conditions and the selection of the type and
concentration of initiators are qualitative in-
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IR Spectra of Poly-FCCl,CHO

Transmittance (%)

(e y A !

’) T T T T T T L]
1800 1400 1000 600

Wavenumber (cm™)

4000 3200
Figure 1A. Infrared spectra of polymers of di-
chlorofluoroacetaldehyde: A, H:SO4 initiated
polymer, before acetylation; B, H,.SO. initiated
polymer, after acetylation; C, LTB initiated poly-
mer from cryotachensic polymerization.

vestigations and no specific effort was made to
produce optimum yields.

The characterization of poly(I) was carried
out by the interpretation of the infrared spectra
and its thermal degradation behavior. For the
soluble material, which was only obtained in
the case of Ph,P initiation and polymerization
at temperatures below 0°C, an NMR spectrum
was also taken. For both the soluble and in-
soluble fractions of poly(I), stabilization experi-
ments were undertaken, followed by infrared
and degradation studies of the stabilized samples.

The infrared spectra of poly(I) showed gen-
erally the spectrum of a poly(oxymethylene) sub-
stituted with the dichlorofluoromethyl group.
The spectra in Figure 1A showed the appearance
of strong bands in the range of 1000 to 1200
cm™', which are due to C—O bands and to
C—F bands. No carbonyl band was observed
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in the spectra of the untreated polymers, A and
C. Some of the raw polymers, particularly
those initiated with sulfuric acid or Ph;P initi-
ated polymers which were worked up in the
presence of water, showed free hydroxyl bands
around 3400 cm™, as seen in Figure 1A-A.
Acetylation with acetic anhydride transformed
this end group into an acetate end group char-
acterized by a carbonyl absorption at 1745 cm™
and the disappearance of the absorption in the
3400 cm™ region.

Poly(I) prepared by the LTB initiated cry-
otachensic polymerization of a 10-% toluene
solution of I showed no hydroxyl end groups
(Figure 1A-C). This polymer could not be
acetylated successfully.

As indicated before, a soluble poly(I) fraction
was obtained with Ph,P initiator at lower tem-
peratures. Acetylated soluble poly(I) gave PMR
spectra whose proton resonances were a small
peak at 2 ppm representing the methyl protons
of the acetate end group, and the main peak,
a complicated muliplet at 5.3 ppm corresponding
to the acetal proton resonances. The complexity
of this multiplet is caused by the splitting of
the acetal proton by the fluorine atom on the
a-carbon atom and is probably additionally
complicated by the stereochemistry of the asym-
metric acetal proton, showing indications of the
possible presence of more than one tactic
structure.

The soluble fraction of the poly(I) is only an

NMR Spectrum of Soluble

Poly— FCCI,CHO
8 7 6 5 4 3 2 o
in ppm.

Figure 2. PMR spectrum of soluble poly(dichloro-
fluoroacetaldehyde): Initiated with PhsP as initia-
tor; polymerization bath temperature, —5°C; sol-
vent, carbon tetrachloride.
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oligomer, because calculations of the intensity
of the acetal proton with regard to the inten-
sity of the methyl protons of the acetyl end
group indicated that this material has an average
degree of polymerization of approximately 8.
Vapor phase osmometry (37°C in chloroform)
showed the number average molecular weight
to be about 1400 or a DP of about 11. NMR
studies at higher temperatures and high resolu-
tion are necessary to establish more clearly the
stereochemistry of this oligomer. The stiffness
of the polymer chain, which causes extensive
line broadening of the actual protons because
of only partial averaging, will make this inter-
pretation uncertain.

On the basis of these results, we must con-
clude that all poly(I) of relatively high mole-
cular weight are insoluble and the solubility of
the ‘‘acetone soluble polymer’” most likely is
caused by its being of low molecular weight.

DTG Curves of Poly—FCCIlCHO

Rate of Weight Loss

Temperature (°C)

Figure 3. DTG curves of poly(dichlorofluoroace-
taldehyde): initiators, A, TiCls, 30°C; B, H,SOs,
30°C; C, SbCls, —78°C; D, LTB, 30°C; E, AlEts,
—178°C; —-—-, before acetylation, , after acetyl-
ation.

Polymer J., Vol. 9, No. 1, 1977
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Table ITI. Maximum degradation temperatures
of poly(dichlorofluoroacetaldehyde)

Initiator Max degradation
Polyrrélsr Send used for rate ten%perature
group polymerization  ranges, °C
CCI.F
|
+C—-09;H LTB, Al(C.Hs)s, 240 to 270
| SbCl;, HzSOy4,
H TiCl,
Ph;P 110 to 150
CCLLF O
I |
+C—0-,C—CH; LTB, Al(C:Hs)s, 320 to 380
] : SbC15, HzSO4,
H TiCl,
Ph;P 190 to 240

A preliminary study of the X-ray diffraction
of poly(I) showed that the Debye—Scherrer dia-
grams of insoluble poly(I) and the soluble oligo-
mer were very similar and indicated low to
medium crystallinity. The power pattern is
similar to powder patterns of polychloral.!

Acetylations of unstable hydroxyl end groups
have been used in the past to stabilize poly(oxy-
methylene)s, particularly for the commercial
production of poly(formaldehyde).”® It has also
been used for the improvement of the stability
of polyfluoral.® Although acetylation of poly-
chloral has been reported earlier,’ polychloral
obtained by cryotachensic polymerization® with
anionic initiators, for example LTB and Ph,P,
could not be acetylated.'®

It was one of the objectives of this work to
study the thermal stability of raw poly(I), to
attempt then the stabilization by end-capping,
and to evaluate the stability of the acetylated
polymer. Figure 3 shows DTG curves (obtained
by a programmed temperature increase) of poly(I)
prepared under different conditions before and
after acetylation. It can be seen that most raw
polymers have a maximum rate of weight loss
near 250°C. Generally speaking, these polymers
have temperatures of maximum rate of degrada-
tion in the range of 240—280°C. Acetylation
of the polymer removed the low peak and in-
creased the stability of the polymer to a maximum
degradation rate temperature of 320—380°C.

Completion of the acetylation was indicated
by the good reproducibility of DTG curves after
repeated acetylation. A temperature of maxi-
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DTG Curves of
Poly-FCCI,CHO with Ph,P

A
2
(e}
—J
g B
s
8 c
[v
D
L 1 1 1
100 200 300 400

Temperature (°C)

Figure 4. DTG Curves of poly(dichlorofluoroace-
taldehyde): initiator, PhsP; A, 30°C; B, —5°C; C,
—5°C (acetone-soluble oligomer); D, —78°C; ———-,
before acetylation; —, after acetylation.

mum rate of degradation of 380°C indicated
that polymer degradation occurred by breakage
of the main chain of the polymer rather than
by degradation from the chain ends. Polymer
degradation studies on polychloral have shown
that maximum rate temperatures as high as
385°C have been obtained under maximum
conditions of stabilization.'” It might be noted
that the maximum degradation rate temperature
for acetylated polyfluoral is also in the same
range.”

Poly(I) prepared with Ph;P as initiator is
generally less stable than other poly(I)’s as seen
in Table III and Figure 4. Maximum degrada-
tion rate temperatures for the raw polymers are
in the range of 110—150°C, depending on the
polymerization conditions.  After acetylation
the maximum degradation rate temperature in-
creased only to the range of 190—240°C, de-
pending on the individual sample. It is, how-
ever, important to realize that the maximum
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degradation rate temperature of the acetylated
or stabilized polymer of dichlorofluoroacetal-
dehyde obtained from the polymerization with
Ph,P as the initiator was almost in the same
range as the polymer obtained directly with
cationic initiators without acetylation. This
result indicates that the polymer obtained with
Ph,P as the initiator has one end group which
is relatively labile but could not be acetylated.

We conclude that poly(I) as prepared by
anionic or cationic initiators gives polymers
with unstable endgroups. Polymers prepared
with sulfuric acid as initiator have hydroxyl
endgroups. Samples of poly(I) prepared with
other initiators have unstable endgroups of un-
known structure or have hydroxyl endgroups
which are introduced during the workup of the
reaction (precipitation with hydroxylic solvents).
In both cases poly(I) samples could be acetylated.
The stability of these samples was nearly the
same as that for poly(I) of the highest thermal
stability.

In separate experiments the thermal degrada-
tion of poly(I) samples was carried out isother-
mally in the temperature range of 250—300°C
in vacuo. The degradation products were col-
lected at liquid nitrogen temperature and were
obtained in more than 95% yield. According
to NMR and gas chromatography, the degrada-
tion product was I of more than 959 purity.
Therefore, the peak in Figures 3 and 4 corre-
sponds to the temperature of maximum rate of
monomer formation from the polymer.

Table IV. Conditions of CCLLFCHO

copolymerization®
Mol%
Comono- Initiator® Temp, Conver- CCI;FCHO
mer type °C  sion, % in
copolymer
CC,CHO  Ph,P — 5 70,(10)c 64, (68)°
CCI;CHO LTB -5 0 —
CCI;:CHO SbCl; —78 57 55
CCI;CHO TiCl, 30 50 100
PhNCO Ph;P — 5 30,(48)¢ 100, (93)°
PhNCO LTB -5 0 —

2 CCI,FCHO and comonomer equimolar in feed.

® 0.5-mol% initiator with respect to comonomer
mixture.

¢ Acetone-soluble polymer.
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Aldehyde polymerizations are known for their
low ceiling temperatures of polymerizations.
Higher aliphatic aldehydes have ceiling tempera-
tures below 0°C and the ceiling temperature
(one molar monomer solution) of chloral poly-
merijzation has recently been determined as 12 or
18°C, depending on the source of information and
possibly depending slightly on the solvent.’*!!
We have determined the ceiling temperatures (T)
of polymerization of several trihaloacetaldehydes
in one common solvent—methylcyclohexane—
and found the T, of chloral to be 18°C."
Dichlorofluoroacetaldehyde had a T, of 52°C and
chlorodifluoroacetaldehyde of 70°C."* An earlier
report indicated that chlorodifluoroacetaldehyde
had a T, of polymerization of 85°C."

Copolymerizations of dichlorofluoroacetalde-
hyde were carried out with chloral and with
phenyl isocyanate. The product compositions
were determined by elemental analysis of fluorine
or nitrogen.

Dichlorofluoroacetaldehyde copolymerized with
chloral with 0.5mol% of either Ph,P, LTB,
SbCl;, or TiCl, was used as the initiator. The
comonomer composition in the feed was ap-
proximately 50 mol% and the copolymerizations
were carried out at various temperatures. TiCl,
at 30°C gave pure homopolymer of I in 50-%
conversion. Ph,P at —5°C gave a mixture of
a soluble oligomer and an insoluble polymer.
The insoluble polymer, obtained in 70-% con-
version, contained 64-molg I. The polymer
portion which was soluble in acetone was ob-
tained in 10% conversion and consisted of a
copolymer of 68mol% of I and 32mol% of
chloral. With SbCl; at —78°C an insoluble
polymer was obtained in 57-95 conversion, which
contained 55 mol% of I. The results of these
copolymerizations indicate that I was more re-
active than chloral. Further studies'” showed
that the order of reactivity was CCIF,CHO >
CCl,FCHO > CCI;,CHO.

The thermal stabilities of these copolymers
as measured by the DTG maximum rate de-
gradation temperatures were not significantly
different from pure poly(I) under the same poly-
merization conditions and stabilization treatment.

When Ph,P was the initiator for the copoly-
merization of I with phenylisocyanate at a
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comonomer feed ratio of 1:1 at —5°C a mix-
ture of soluble and insoluble material was ob-
tained. The insoluble fraction, obtained in 30%
yield, consisted of pure poly(I). In addition a
copolymer soluble in acetone was obtained at
a conversion of 48%, which consisted of an
approximately 7-mol% incorporation of the iso-
cyanate. The molecular weight of the copolymer
was, however, very low.
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