This article was downloaded by:

On: 29 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

=
| 4
K

s ey ) s g

VT e Y S

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

S-:!-‘!f“rs and http://www.informaworld.com/smpp/title~content=t713618290
Silicon
and the Related Elements
i Base Hydrolysis Of Poly{Bis(Trifluoroethoxy)Phosphazene}
ok ) Wayne Ferrar®; William Lenhar®; Joseph Lippert®; Tulienne Molaire* Robert Guistina® Douglas Brown®
! ® Corporate Research Laboratories, Rochester, New York, U.S.A. > Analytical Technology Division,
Eastman Kodak Company, Rochester, New York, U.S.A.

To cite this Article Ferrar, Wayne , Lenhar, William , Lipﬁert, Joseph , Molaire, Tulienne , Guistina, Robert and Brown,
Douglas(1989) 'Base Hydrolysis Of Poly{Bis(Trifluoroethoxy)Phosphazene}', Phosphorus, Sulfur, and Silicon and the
Related Elements, 41: 1, 147 — 153

To link to this Article: DOIL: 10.1080/10426508908039703
URL: http://dx.doi.org/10.1080/10426508908039703

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iiable for any | oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426508908039703
http://www.informaworld.com/terms-and-conditions-of-access.pdf

19:10 29 January 2011

Downl oaded At:

Phosphorus, Sulfur and Silica, Vol. 41, pp. 147-153 © 1989 Gordon and Breach, Science Publishers, Inc.
Reprints available directly from the publisher Printed in the United Kingdom
Photocopying permitted by license only

BASE HYDROLYSIS OF
POLY{BIS({TRIFLUOROETHOXY ) PHOSPHAZENE}

WAYNE FERRAR*, WILLIAM LENHART+, JOSEPH LIPPERTT,
TULIENNE MOLAIREx, ROBERT GUISTINAtY and

DOUGLAS BROWNT

Corporate Research Laboratories* and Analytical
Technology Divisiont, Eastman Kodak Company,
Rochester, New York, U.S.A.

Abstract

The base hydrolysis of high molecular weight poly{bis(tri-
fluoroethoxy)phosphazene} (1) is an effective method for

the incorporation of hydroxy groups onto the phosphorus-
nitrogen backbone (II). Incorporation of greater than

7 moles hydroxy groups yields a semi-crystalline film-
forming material. The hydrolysis has been modeled using

the cyclic trimer {N P (OCHZCF ) } (111). cComparisons of
the 1H NMR spectra of hydrolyzed trimer {N3P (OCHZCF3) (oH)}
(IV) and the high polymer II allow for the facile monitoring
of the extent of hydrolysis. Titration with a strong base
shows the hydroxy groups to be strongly acidic. Viscosity
measurements show some loss of molecular weight upon
hydrolysis.

The alkaline hydrolysis of fluoroalkoxyphosphazene cyclic com-
pounds has been well studied by Allcock et al.l'2 The use of
these compounds as synthetic reagents has also been reported.3
Recently, we reported that sodium trifluoroethoxide cleaves the
side group of poly{bis(trifluoroethoxy)phosphazene} (I).

A small amount of side group cleavage (less that 2 molex)
causes changes in polymer morphology4 and dilute solution prop-

erties. 5

In this paper, we report direct evidence for hydroxy
group incorporation onto the fluorinated polymer using 1H NMR

and non-aqueous potentiometric titrations. The hydrolyzed
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was estimated to be 7 mole% by NMR spectroscopy and slightly
less by titration.

OCH,CF5 OCH,CF3 OH
NaOCH,CF4
£P=N} —— > ¢P=N)——+P=N}
n | 93 | 7
OCH,CF4 THF OCH,CF3 OCH,CFj
(1) (11)
EXPERIMENTAL

A typical hydrolysis reaction involved the dropwise addition of
a solution of sodium trifluoroethoxide (previously prepared from
sodium (4.0 g, 0.17 mol) and trifluoroethanol (30 mL, 0.3 mol)
in THF (100 mL)) to a stirred solution of I (10 g, 0.04 MOL) in
THF (300 mL). The reaction mixture was stirred for 72 h, pre-
cipitated into water (4 L), and the polymer collected and
redissolved in acetone (200 mL). Water (200 mL) was then added
dropwise to the stirred solution of I and the resulting solution
was dialyzed against water. Finally, the water was removed by

freeze drying to leave a white fluffy material (8.7 g).

RESULTS AND DISCUSSION

Vibrational Spectrogcopy

Vibrational spectra of films of II showed little difference from
those of the homopolymer I. Bands that were present in the
infrared spectrum of II and not of I were a broad but weak
stretch from 3600 to 2600 cm™l, a shoulder at 1280 cm 1, a
shoulder at 920 cm™}, and a band at 802 cm 1.5 Thus, the vibra-
tional spectra indicated that the phosphazene character of the

material was not greatly disrupted by the hydrolysis.’
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NMR Spectroscopy
14 NMR provides a simple method for monitoring the hydroxy

incorporation onto the polymer backbone. The 14 NMR of II in
acetone-dg is shown in Figure 1. The broad multiplet at

4.6 PPM was assigned to the methylene protons of the unaltered
section of the polymer. The much smaller multiplet centered at
4.4 PPM was assigned to the methylene protons of the fluoro-
alkoxy group on the hydrolyzed phosphorus atom. A ratio of the
integrated intensities of the two methylene resonances provided
an estimate of the amount of hydrolysis on the polymer. The
sample used to obtain Figure 1 had approximately 7 molex
hydroxy incorporation, although the accuracy of this number was
subject to the overlap of the two resonances at 300 MHz. A
more accurate integration can be obtained from NMR spectra
obtained at 500 MHz. However, 300 MHz proton spectra were
sufficient to estimate the extent of hydrolysis. The broad
resonance at 3.1 PPM was assigned to water and was not observed
upon the addition of CF3COOD. A 1H NMR of I showed only the

large resonance at 4.6 PPM and the the resonance assigned to

water.
locnzcrJ ?H
——[—P:N-i—[—P:N—]—
| 93 | 7
OCH,CF4 OCH ,CF 5
acetone
Figure 1

48 46 44 42 40 38 36 3.4 3.2 30 28 2.6
PPM
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The 1H NMR spectrum of II was obtained in THF-dg rather
than in acetone as in Figure 1. The resonance observed at
4.4 PPM in acetone was not well defined in THF and the percent
hydrolysis determination was not possible. If the intensity of
the spectrum was attenuated such that the methylene peaks were
off scale, a broad resonance was observed at 10.9 PPM. This
resonance was assigned to the proton of the hydroxy group. We
were unable to correlate the integration of the hydroxy proton
with that of the methylene integration in acetone, probably due
to exchange with water in the THF solvent.

In order to characterize better the high molecular weight
polymer, we carried out hydrolysis of the cyclic model compound
{N3P3(OCHZCF3)6} (III) with sodium hydroxide in a water-methanol
solution as described by Allcock and Walsh.l The 1H NMR spectrum
of the hydroxy cyclic in THF-dg supports the assignments made
for polymer II. The multiplet centered at 4.5 PPM has been
assigned to the methylene protons on the unaltered portion of
the molecule while the multiplet centered at 4.2 PPM is assigned
to the hydrolyzed moiety.l A broad resonance was again observed
at 10.9 PPM and supported the hydroxy assignment made in
Figure 2. Again, the peak area under the downfield resonance
was smaller than predicted, probably due to proton exchange
with residual water in the deuterated solvent.

14 NMR of IV in CDCly showed a broad resonance at 8.4 PPM
with the expected integrated intensity ratio of 10:1 when com-
pared to the methylene protons. Other authors have established
that an N-H structure, an oxocyclophosphazadiene, is favored
over a P-0O-H tautomer, monohydroxycyclotripnosphazatriene.1'8
As observed in the polymer spectra, the separation between
methylene resonances used to determine the molex of hydrolysis
was more clearly defined for spectra obtained with acetone as
the solvent. The high polymer II was not soluble in CDC13.
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Iitrations

A potentiometric titration curve obtained for II is shown in
Figure 2. The polymer was dissolved in THF and titrated with
hexadecyltrimethylammonium hydroxide in toluene:methanol/98:2.
The initial potential of +240 mV indicated that a strongly acidic

group was present on the polymer.

?CH,CF | ?H
+?=NH=’=N—}: in THF
OCH ,CF OCH ,CF ,
0
0.2
N(CH 3)

OH/Toluene (mL) 0.6
0.8
1.0

-600-400-200 000 200 400
Potential (mv)

The curve can be divided into two parts. The initial titra-
tion with base caused a rapid change in potential to -300 mV.
Determination of the hydroxy group concentra;ion yielded 3 moley,
approximately half the value measured with NMR integration.
The second portion of the curve was consistent with the titration
of a much weaker base. Perhaps the origin of the second end
point is strong hydrogen bonding of acid protons to the charged
polymer. At a slow acid delivery rate (hours instead of
minutes), the total acid found (strong plus weak) was 5.0 moles.

Titration of the cyclic IV showed behavior similar to the
first part of the curve for II. The cyclic was strongly acidic
and titrated quantitatively. These results suggest that the
chemistry of the hydrolyzed phosphazene in THF could be repre-
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sented as an -OH rather than an -NH structure. Perhaps this is
due to the perturbation of hydrogen bonding by an N-H proton in

a basic solvent such as THF.2

Viscosity

The hydrolysis of I to II with sodium trifluoroethoxide appeared
to result in some backbone cleavage of the phosphazene macro-
molecule. The intrinsic viscosity of II in THF with 0.01 N
tetra-n-butylammonium bromide was 0.5 d1/g while the homopolymer
I had an intrinsic viscosity of 2.1 41/g. Thus, the amount of
hydroxy incorporation present on II probably represents a limit
for the extent of hydrolysis beyond which polymeric properties
would be lost. Smaller amounts of hydroxy incorporation resulted

in less molecular weight decline.®
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