AD-A192 275  LASER FLASH PHOTOLVSIS OF A HETHVLEDE 174
447 -DIPHENYLDIISOCYANATE (MDI)> BASE. . (U) UNIVERSITV OF
SOUTHERN MISSISSIPPI HRTTIESBURG DEPT OF P

UNCLASSIFIED C E HOYLE ET AL. 19 MAR




n
o~

=
o
o

e W
Jd: 33300

2

-

P

ll=

Hi
|

==

|

|4 .
—

—

== ==
= ==

Il

125

————
n——

I

-t TEST CHART
~F 5TANDARDS - 96°

-

Y SRR

* TN, BUREAL

NG

.-

o

u“'
f »

ey
PO
l‘\‘.r",
S g
A
»

A
»
L
A

[a
3
~

’

Y
M,
A
Ll
\l‘
1]

- a Ny &
-

-
:r -
Kot

o,

LA
o o,
LN
o,

SN
/
A
-
s
o,

"
~
"¢

-
s
ok

'V;ﬁ
o




(PN SR sl L Pk Y ¥ U F P
~

44444

ONC_£iLe. (i,

OFFICE OF NAVAL RESEARCH

Ry

Contract N00014-85-K-0748

Technical Report No. 13

LASER FLASH PHOTOLYSIS OF A METHYLENE
4,4'-DIPHENYLDIISOCYANATE (MDI) BASED POLYURETHANE '
AND MODEL CARBAMATES

AD-A192 275

by

C. E. Hoyle, Y. G. No, K. G. Malone, S. F. Thames and D. Creed

Accepted for Publication in

Macromolecules [:)-r-'<::

ELLECTE -
K3 MAR 1 71988 5

Department of Polymer Science
University of Southern Mississippi c>‘f1 -
Hattiesburg, MS 39406

’ﬁ.l r v

Reproduction in whole or in part is permitted for any purpose of
the United States government.

This document has been approved for public release and sale; its
: distribution is unlimited.

TANST YN

AN AN AT\ T N, D A A

.....




SECURITY CLASSIFICATION OF THIS PAGE 4

REPORT DOCUMENTATION PAGE

1a. REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS
NONE ) NONE
2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION/ AVAILABILITY OF REPORT
NONE
2b. DECLASSIFICATION / DOWNGRADING SCHEDULE UNLIMITED
NONE
4. PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)
ONR #13 ONR NO0O14-85-K-0748
6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL | 7a. NAME OF MONITORING ORGANIZATION
University of Southern (if applicadle)
Mississippi Office of Naval Research
6. . ooaess (c.¥ Suu and 2IP Cade) 7b. ADDRESS (City, State, and 2P Code)
n1vers1 y of Southern Mississippi
{mer SgIence Depar o 800 North Quincy Avenue
erg tation 8 .
Hatt]es urg, M 306-0076 Arlington, VA 22217
8a. NAME OF Fu~o|~6 /SPONSORING 8b. OFFICE SYMBOL | 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (if applicable)
Office of Naval Research
8¢c. ADDRESS (City, State, and 2P Code) 10. SOURCE OF FUNDING NUMBERS
] PROGRAM PROJECT TASK WORK UNIT
800 N. Quincy Avenue ELEMENT NO. | NO. NO. ACCESSION NO
Arlington , VA 22217

11. TITLE (Include Security Classification)
Laser Flash Photolysis of a Methylene 4,4'-Diphenyldiisocyanate (MDI) Based Polyurethane
and Model Carbamates

12. PERSONAL AUTHOR(S)
C. E. Hoyle, Y. G. No, K. G. Malone, S. F. Thames and David Creed

13a_TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) ['S. PAGE COUNT
Technical FROM 10 3/10/88

16. SUPPLEMENTARY NOTATION

Macromolecules, Accepted

17. COSATi CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP

19. ABSTRACY (Con(mqe on reverse if necessary and identify by block number)

Transient species in the laser flash photolysis of solutions
of methylene 4,4'-diphenyldiisocyanate (MDI) based polyurethanes
and small mo1ecu1e models have been detected. One of the
transient species, a substituted anilinyl radical, is not
quenched by oxygen while a second transient is extinguished by
the introduction of oxygen. Based on the spectral results, a
plausible mechanism is offered for the primary photochemical
reactions of MDI based polyurethanes.

1%

]
1 20 DISTRIBUTION/AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
@ uncLassiFieomunumited 30 same as RPT.  [J OTIC USERS
224 NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (Include Ares Code) | 22¢. OFFICE SYMBOL
> Charles E. Hoyle (601)266-4868
.EJ DD FORM 1473, 84 MAR 8] APR eastion may be used unul exhausted. SFCURITY CLASSIFICATION OF THIS PAGE
. All other editions are obsolete.
o
Nt . s - .
L’L-"-I"JA.' '\{ '. s ‘A A IR A N N (‘_-_J‘-r TRy - R S <k
PRV PN P ST IIAI IR WA L g A AT AT RIS WS LSS SN,




AT AN N LN LS AT U O U U OO R RN NY R W0 WG W e oLy O T R RSN NN OV WY W R Wy W W, PR IATH IS Ra" JNa gid—o¥n oM u

2z

v ".
i
L
o
LASER FLASH PHOTOLYSIS '.;:
e
OF A METHYLENE 4,4'-DIPHENYLDIISOCYANATE (MDI) BASED -~
®
POLYURETHANE :'
AND "
o

MODEL CARBAMATES

P

by

-

.

C. E. Hoyle, Y. G. No, K. G. Malone and S. F. Thanmes
Department of Polymer Science
University of Southern Mississippi
Hattiesburg, MS 39406

David Creed
Department of Chemistry
University of Southern Mississippi
Hattiesburg, MS 39406

A agn e e e e
‘”-‘ 1‘:;.‘ .l". “,\":—."."’5‘.‘-.

St

o

nE

Transient species in the laser flash photolysis of solutions oy

’I

of methylene 4,4'-diphenyldiisocyanate (MDI) based polyurethanes ﬁr
’I:

and small molecule models have been detected. One of the ?-

&

o

transient species, a substituted anilinyl radical, is not

"l

quenched by oxygen while a second transient is extinguished by -S
)

the introduction of oxygen. Based on the spectral results, a _ o
— e

: : : For -
plausible mechanism is offered for the primary photochemical ‘_~E?‘——: ,
e ah f--

m o s Y

reactions of MDI based polyurethanes. VT TaB (] oy
AT o aIced D »l

' Juaniidacalton. :-..
- 'Y

Ry o [

Y N —1 I=

, #i3tridutteny ,:
¢ Avallability Codes 3?
Avatl and/or N

Emst Speaial o

! [
v

Al

B =

I 2

P &

.

._{}13;,‘1 " L K

.'.-’. o .

- "\

LI o e

N NN




?h Laser Flash Photolysis of a Methylene 4,4'-diphenyldiisocyanate

55 (MDI) Based Polyurethane and Model Carbamates

:& The photolytic degradation of polyurethanes based on

35 aromatic diispcyanates continues to receive a considerable amount
" of attention (1-7). 1Indeed, there have been a number of schemes
{‘ proposed to account for their photolytic degradation, each having
Eﬁ its own merit (1-7). This communication is designed to provide
Ql basic insight into the nature of the transient intermediates
W produced during the primary photochemical reactions of the aryl
?J carbamate chromophores in a methylene 4,4'-diphenyldiisocyanate
N (MDI) based polyurethane in solution. The results for the MDI
i& polyurethane are interpreted by comparison with appropriate mono-
ig and biscarbamate small molecule models. The polyurethane used in
i this study (hereafter designated MDI-PUE) was prepared by

:ﬁ reacting methylene 4,4'-diphenyldiisocyanate (MDI) with

E; poly(tetramethylene ether glycol, MW 1000} and then extending

- with 1,4-butanediol.

;d Figure 1 (curve a) shows the transient absorption spectrum
E; of a nitrogen saturated 5.5 X 10~3 g/dL solution of MDI-PUE in
l?: tetrahydrofuran (THF) obtained on an Applied Photophysics, Ltd.
!f kinetics spectrometer at a delay time of 2.0 ps after firing a
;: laser pulse from a krypton fluoride excimer laser (Rex = 248 nm;
.: ” 10 ns pulse width; 80 mJ/pulse). The ground state absorbance
ﬁg of the polymer was 1.1 at 248 nm, and the transient spectrum was
53 generated by analyzing transient decay curves recorded every 6 nm
E: from 300 to 500 nm. The prominent features of the transient

‘ absorption spectrum in Figure 1, curve a, are the four bands with
P
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A maxima at 310 nm, 355 nm (broad), 370 nm, and >390 nm (very weak
9,

2 diffuse absorbance band). Curve b in Figure 1 shows the

P transient spectrum of an air saturated THF solution of MDI-PUE
?. (6.5 X 10”3 g/dL). Oxygen completely extinguishes the peak at
k' 370 nm, but has less of an effect on the peaks at 310 nm and the

absorbance band above 390 nm. The effect of air on the 355 nm

%g band is difficult to interpret since it falls so close to the

ﬁ, bands at 370 nm which is heavily guenched by oxygen. The oxygen

i effect at 370 nm is confirmed by lifetime quenching results which
g: will be presented in a full paper.

:; Now we must ask, what species are responsible for the

N transient absorbance spectrum in Figure 1, curve a. This

:§ question can best be answered by first considering the laser

{: flash photolysis of several small molecule models. The transient

} absorption spectra recorded 2.0 ugs after the laser flash of both
:EE aniline (5.1 X 10”4 M) and propyl N-phenylcarbamate (5 X 10~¢ M)
1? in nitrogen saturated THF are shown in Figures 2 and 3.

Ei [Essentially identical spectra were obtained in air saturated

.3 THF.] For both aniline and propyl N-phenylcarbamate, a distinct
N :

ﬂ peak is present at 310 nm as well as a broad band above 390 nm.
Yi In the case of propyl N-phenylcarbamate an additional broadening
g is observed between 340 nm and 360 nm with a maximum around 355
i nm. Land and Porter (8) have assigned the strong peak at 310 nm
A and the weak broad band absorbance centered around ~ 400 nm in
2 the flash photolysis of aniline in non-protic solvents to the

é allowed and forbidden transitions of the anilinyl radical formed
;ﬂ by N-H bond cleavage. Thus, the peak at 310 nm and the broad
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band above 390 nm in Figure 2 (aniline) and Figure 3 (propyl N-
phenylcarbamate) can be assigned to an anilinyl radical which
should be relatively non-reactive with oxygen, especially in a
solvent with readily abstractible hydrogens. 1In the case of
propyl N-phenylcarbamate, the anilinyl radical must be formed by
direct homolytic cleavage of the nitrogen-carbon bond in the
carbamate moiety. Based on the results for aniline and propyl N-
phenylcarbamate, it is appropriate to ascribe the 310 nm and
broad band absorbance above 390 nm in the transient spectrum of
MDI-PUE (Figure 1) to an anilinyl type radical. The detection of
anilinyl radicals in the laser flash photolysis of MDI-PUE is in
agreement with earlier identification (9) of an anilinyl radical
(detected by ESR) in the photolysis of an MDI based polyurethane.
Our results are also consistent with formation of reported
(1,2,4) photo-Fries and substituted aniline photoproducts which
have been reputed to form by a primary N-C bond cleavage in the
carbamate moiety followed by rearrangement and/or separation of
the resultant radicals.

Identification of the 355 nm band for MDI-PUE and propyl N-
phenylcarbamate is less obvious than for the 310 nm peak and the
broad band absorbance above 390 nm. We know from the historic
work of Porter and co-workers (8) that anilinyl radicals are
readily formed via a photolytically induced nitrogen-hydrogen
bond cleavage of N-substituted anilines. It is thus reasonable
to suspect that a nitrogen-hydrogen bond cleavage will occur for

N-aryl carbamates to produce a carboxy substituted anilinyl

radical which, since it is a substituted anilinyl radical, would
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have a red-shifted (from 310-320 nm) absorbance, perhaps with a

peak around 355 nm.

Having furnished, based on model compounds, what seems to be
a plausible assessment of three of the four bands in the
transient absorption spectrum of MDI-PU (Figure 1, curve a),
identification of the 370 nm peak remains. Consider the

bispropylcarbamate model (BP-MDI) of MDI shown below.

PrO,CH H; HCO,Pr

BP-MDI

It possesses, in addition to the two phenyl carbamate groups, a
disubstituted methylene carbon. 1In addition, it should be noted
that the transient spectra of propyl N-(p-tolylcarbmate),
although not shown, also has bands with maxima around 310 nm and
above 390 nm. As in the case of propyl N-phenylcarbamate, the
transient spectrum of propyl N-(p-tolylcarbamate) shows no
maximum at 370 nm. Thus, any additional bands in the transient
spectrum of BP-MDI can be attributed to the presence of the
central methylene carbon. Bearing this in mind, the transient
absorption spectrum of BP-MDI in Figure 4 (‘ex = 248 nm; 2.7 X
10°% M in nitrogen degassed THF taken at a delay of 2.0 us) shows
a distinct peak at ~ 370 nm in addition to the structural

features found in the transient spectrum of propyl N-
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phenylcarbamate (Figure 3). The 370 nm peak is completely

guenched in the presence of oxygen. The possibility of the 370
nm transient resulting from an excited triplet was eliminated by
failure to diginish its intensity with cis-piperylene, an
effective triplet quencher. Although at this time we can offer
no absolute identification of the species responsible for the 370
nm peak, we can conclude from its absorption maximum (well above
300 nm) that it results from a radical centered on an atonm
attached to the phenyl ring, for instance a diarylmethyl radical
(ArCHAr). Porter and Windsor (10) have shown that unsubstituted
diphenylmethyl radicals have an absorbance maximum at 335 nm and
are readily formed upon direct photolysis of diphenylmethane in
paraffin solution by a C~-H bond cleavage. We have reproduced on
our instrument the transient absorption spectrum of the
unsubstituted diphenylmethyl radical in THF and obtain an
absorbance maximum around 340 nm. It is certainly plausible that
substitution of carbamate groups at the para positions could red
shift the absorbance maximum of the diphenylmethyl radical to
around 370 nm. The following additional points are compatible
with, although do not provide unconditional evidence for, a

diarylmethyl structure:

1. Diarylmethyl radicals should react readily with
oxygen: this is consistent with the results in

Figure 1 (curve b).
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The expected peroxy radical product between a
diarylmethyl radical and oxygen should eventually,
upon hydrogen abstraction from the solvent, yield
a hydroperoxide. Such hydroperoxides centered on
the diaryl substituted methylene carbon have
indeed been reported to form upon photolysis (1)

of MDI based polyurethanes.

Recent radical abstraction experiments in our lab
(11) also strongly suggest the generation of a

diarylmethyl radical.

In order to test the vaildity of assigning the 370 nm peak

to a diarylmethyl radical, a dimethyl substituted diarylsilane
biscarbamate (SiMezMDI) analog of MDI was synthesized (see

structure below).

G,
EtO,CH sli HCO,Et
SiMe,MDI
This compound cannot possibly form a diarylmethyl radical. 1In

accordance with this expectation, the transient absorption
spectrum (Figure 5) of this compound (2gx=248 nm; 2.6 X 10"% M in
nitrogen degassed THF taken at a delay of 2.0 us) has no peak at

370 nm and thus provides additional support for assignment of the
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370 nm peak in the transient spectrum of the model BP-MDI (Figure
4) and polyurethane MDI-PUE (Figure 1) to the diarylmethyl
radical. Results for a number of other model biscarbamates are
also consistent with diarylmethyl radical formation. Conclusive
identification of the species responsible for the 370 nm peak is
pendant on additional work in progress.

In summary, the transient absorbance spectrum of the
bispropylcarbamate model BP-MDI (Figure 4) and the polyurethane
MDI-PUE in (Figure 1) are essentially identical. Combined with
data for aniline and propyl N-phenylcarbamate models (Figures 2
and 3), a tentative mechanism has been postulated for at least a
portion of the primary photochemical reactions of MDI based
polyurethanes in solution. Finally, it should be pointed out
that care must be taken when extension of transient measurements
in solution is made to polyurethane films since the lifetimes of
radicals generated may be substantially altered. 1In addition,
certain pathways for reactions of radicals in solution may be
absent in the solid phase. Laser flash photolysis of
polyurethane films will thus be the subject of a future
investigation.

In order to substantiate the preliminary results presented
in this brief communication, we recently completed a laser flash
photolysis study in which independently generated hydrogen
abstracting t-butoxy radicals are employed to produce transients
from model arylcarbamates and MDI-based polyurethanes. A
thorough kinetic analysis of polyurethane laser flash photolysis

based on these results will be published as a full paper in the

N O B B N R N I R N N I N NN o N NS

B l, ol

Y \WNA
o

v o5 a_.
o el
._ 'I' 5..:'5. o

ran e @

AN

L

2,0 '{':_‘;.‘, L

L]
 —" (‘.A

) ‘1‘;‘-';'

T a ‘:‘.‘.

L]
L]

&

Py .n" [ o
ISP n

a

IR I e e N .
AR LAPRCRER AT
N LN

e @,

ol

X

e

s
o e a

L Y
" ."l .l

£

-
53

.. 'l .I .D *

Pl
RO



DRI A w NN & SO X WL W W N i WL WO ST N e AV AW B g% W N L G TN AN . YW e CnLT Ay

f‘ near future. In addition, detaliled time resolved decay profiles
)
and radical decay times will be presented for all radical species

o, discussed in this paper.
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v Figure Captions .
Figure 1. Transient absorption spectra (2.0 gs) of MDI-PUE in
i: THF (a) Nitrogen saturated (b) Air saturated.
o
B ,
:.
Figure 2. Transient absorption spectrum (2.0 gs) of aniline in :
'
: nitrogen saturated THF. -
' I'd
s

Figure 3. Transient absorption spectrum (2.0 pus) of propyl N-

phenylcarbamate in nitrogen saturated THF. !

Figure 4. Transient absorption spectra (2.0 pgs) of BP-MDI in THF

- (a) Nitrogen Saturated (b) Air Saturated.

+
L - -

Figure 5. Transient absorption spectrum (2.0 us) of SiMezMDI

'

L4
J in nitrogen saturated THF. -
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