
PATENT SPECIFICATION    (11) 1544348 (21) Application No. 40644/77    (22)
Filed 30 Sept. 1977 (31) Convention Application No. 728 561 (32) Filed 1
Oct.. 1976 in . (33) United States of America (US) (44) Complete
Specification published 19 April 1979 (51) INT [err] C08K 3/18; C09K 9/00
(52) Index at acceptance C3K  129 DA C3L  JA C4S  33Y 650 670 706 774 (54)
TUNGSTEN HEXACARBONYL-CONTAINING COMPOSITIONS (71)   We, PPG INDUSTRIES,
INC. a corporation organised and existing under  the laws of the State of
Pennsylvania, United States of America, of One Gate- way Center,
Pittsburgh, State of Pennsylvania 15222, United States of America,
(assignee of IVAN ROGER LEATHERMAN and MICHAEL STEPHEN 5      MISURA), do
hereby declare the invention, for which we pray that a patent may be  5
granted to us, and the method by which it is to be performed, to be
particularly described in and by the following statement:- The present
invention relates to compositions, particularly photochromic corn-
positions having good infrered absorption and to methods for making them.
High  quality optical lenses are widely made by polymerizing allyl diglycol
carbon-  10 ate, i.e., diethylene glycol bis(allyl carbonate), or mixtures
thereof with minor pro- portions of other monomers such as methyl
methacrylate and  vinyl acetate in molds. Tinted lenses are generally made
by dip-dyeing in heated solutions of a variety of organic dyes.  However,
most such lenses, whether tinted or colorless, transmit infrared 15
freely.
15 United States Patent Specification No. 3,692,688 discloses essentially
haze-free optical filters of polymethylmethacrylate containing in situ
reaction product of tungsten hexachloride and stannous chloride which is
said to filter near infrared radiation effi- ciently while retaining
considerable transmittance of light in the visible region. It 20      is
stated that the magnitude of the mole ratio of stannous chloride to
tungsten hexa-  20 chloride is as important a factor as the concentration
of the tungsten hexachloride in affecting the filtering efficiency. United
States Patent Specification. No. 3,355,294 discloses photochromic com-
positions containing a thermoplastic polymer, a metal compound such as
tungsten hexa- 25       chloride or tungsten dioxide dichloride, and a
metal salt such as ferric chloride which in-  25 creases the bleaching rate
in darkness. A film cast from a solution of polymethyl- methacrylate and
tungsten hexachloride in dioxane is said to be photochromic, chang- ing
from colourless to blue upon exposure to ultraviolet radiation, but has a
slower bleaching rate than one containing ferric chloride. It is stated
that the disclosed 30       compositions are not photochromic until they
are formed into a definite shaped article,  30 such as by casting. It has
now been found that although lenses made by the polymerization of allyl 



diglycol carbonate having  tungsten hexachloride dissolved therein are
photochromic, becoming blue upon exposure to ultraviolet radiation, and
absorb infrared when in the 35       colored state, they are hazy and have
a permanent undesirable yellow cast upon    35 It has been reported by
E1-Sayed in the Journal of Physical Chemistry, Vol. 68, pp. 433-434,
(1964), that tungsten hexacarbonyl is photochromic when dissolved in
certain solvents. However, the compound reportedly displayed a color shift
to yellow, 40      which is not a desirable color for sunglasses.
40 According to the present invention there is provided a composition
comprising a mixture  of an allyl glycol carbonate monomer and tungsten
hexzcarbonyl. The present invention also provides a solid allyl glycol
carbonate polymer article having tungsten hexacarbonyl uniformly
incorporated therein, the article becoming blue 45       and having
substantial infrered absorbance upon exposure to ultraviolet radiation.  45
The present invention further provides a solid allyl glycol carbonate
polymer article    having tungsten hexacarbonyl incorporated in its
surface,the article turning blue and having substantial infrared absorbance
upon exposure to ultra-violent radiation. The    present invention still
further  provides a method of making a photochromic article  which
comprises adding tungsten hexacarbonyl to a liquid allyl glyclo carbon- 5
ate  monomer to form   a mixture,and   polymerizing  the mixture to form a
solid article. The  present invention stilt further provides a method   of
making a photochromic article which comprises soaking   an   allyl  glycol
carbonate   polymer  article in a heated solution of tungsten hexacarbonyl
in an organic solvent and removing the solvent 10         It   has  now
been found   that  tungsten    hexacarbonyl,W(CO),may be  incorporated in a
liquid allyl glycol carbonate monomer or a solid poly( allyl glycol
carbonate ) in order to produce   photochromic liquids and lenses,
sheets,or   other   shapes   which   are optically   clear and
substantially haze-free, are initially water-white, display a desirable
photochromic color shift to blue in response to daylight  have
substantial infrared 15   absorbance in the blue state, and have a
reasonable  service life .By  "substantial in- frared absorbance" is  meant
absorbance in the infrared region at least   as great as the average
absorbance  in the visible  region. In accordance  with the  practice  of
this invention,tungsten hexacarbonyl may be dissolved or dispersed
uniformly in  an allyl    glycol carbonate monomer, notably allyl diglycol
carbonate,to provide a photochromic composition which may then be poly-
20 20 merized  in known ways to produce  phtochromic polymerizates having
substantial infrered absorbance. Solutions of tungsten  hexacarbonyl  in
allyl glycol carbonate monomers are them- selves   photochromic and, when
protected from high temperatures are sufficiently stable to be shipped and
stored.Such compositions may be made up by a supplier of           25
monomers and shipped to a lens maker who may use them directly in place of
non- Photchromic monomer in his  lens farircating  process. Tungsten
hexacarbonyl     is   a known   compound     which      is available  on
the   market Methods of preparation appear in the literature (see, for
example, United States Patent 30              Specifications Nos.1,894,239
and 1,921,536). 



Monomers which may be used in  the practice  of this invention are normally
liquid the allyl glycol carbonate, i.e., glycol bis( allyl carbonate ) ,
compounds in which the allyl groups may be substituted at  the 2 position
with a halogen, notably chlorine or bromine, or a 1 to 4 carbon alkyl
group, notably a  methyl or ethyl group , and the  glycol group may be an
alkylene, alkylene ether, or alkylene polyether group having a total of
from 2       35 to 10 carbon oxygens.These monomers may be  represented by
the general formula: [err] in which [err] and [err] are the allyl groups
and [err] is the glycol group,[err] and [err] may be represented by the
general formula.
4 [err] wherein R' is hydrogen, halogen or a 1 to 4 carbon alkyl group.
Specific example of [err] and [err] include allyl , 2-chloroallyl,
2-bromoallyl, 2-iodallyl, 2-fluroallyl, 2-meth- allyl, 2-ethylallyl,
2-isopropylallyl, 2-n-propylallyl, and 2-n-butylallyl groups. Such
compounds and methods for making them are disclosed in United States Patent
45   Specifications Nos. 2,370,567 and 2,403,113. Specific examples of
[err] include alkylene groups such as ethylene, trimethylene,
methylethylene, tetramethylene, ethylethylene Pentamethylene,
hexamethylene, 2-methylhexamethylene, tetramethylene, ethylethylene
methylene groups, alkylene ether groups such as [err] [err]and 50
[err]and alkylene polyether groups such as      50 [err] groups. Specific
examples of such monomers include ethylene glycol bis (2-chloroallyl car-
bonate), diethylene glycol bis (2-methylallyl carbonate), triethylene
glycol bis(allyl    3                                1,544,348
3 carbonate),  propylene glycol bis(2-ethylallyl carbonate),
1,3-propanediol  bis(allyl carbonate), 1,3-butanediol bis(alyl carbonate),
1,4-butanediol  bis(2-bromoaliyl car- bonate), dipropylene glycol bis(allyl
carbonate), trimethylene glycol bis(2-ethylallyl carbonate), and
pentamethylene glycol bis(allyl carbonate). It is believed that all of the
above-described allyl glycol carbonates are useful in  5 the practice of
this invention because of their similarity to allyl diglycol carbonate,
[err] [err] which has been tested and found useful. Allyl diglycol
carbonate, also called diethylene 10      glycol bis(allyl  carbonate), the
preferred monomer for use in the practice of this in-  10 vention, is in
wide commercial use in the production of high quality optica lenses. These
monomers or mixtures thereof containing tungsten hexacarbonyl may be
polymerized   in the  presence of heat, radiation, or catalysts such as
organic peroxides, example disopropyl peroxydicarbonate, di-sec-butyl
peroxy dicarboate, lauroyl 15      peroxide, and benzoyl peoxide, to yield
photochromic polymerizates having a wide       15 range of physical
properties such as hardness, abrasion resistance, and impact resist- ance.
Other monomers, such as vinyl acetate and methyl methacrylate, may be
included 



in minor proportions, up to a total of about 25 weight order to obtain
copolymers or terpolymers having desired physical properties. Such
co-polymers and 20      terpolymers having  at least about 75 weight
percent of the described allyl glycol car-  20 bonate units are also
believed to be useful in the  practice 'of this invention, but it is
preferred to use only the allyl glycol carbonates, particularly allyl
diglycol  carbonate, in combination with the tungsten hexacarbonyl. The
addition of tungsten hexacarbonyl to an    allyl glycol carbonate monomer
25       requires little,  if any, modification in the methods ordinarily
used to effect polymeriza-  25 tion of such monomers. High concentrations
of tungsten hexacarbonyl, e.g., between about  0.3 and 0.5 weight percent,
or more may reard cure, but an increase in the on of polymerization
catalyst, higher. temperature, or a longer cure time may be used to reduce
this effect. At. concentrations up to about O.1  percent  there 30      is
litte if any retardation of cure. Thus any known method of polymerizing
these    30 monomers may be used to polymerize the monomers having tungsten
hexacarbonyl dissolved therein. United States Patent Speifications Nos.
2,403,113 and 3,222,432 describe useful methods. Suppliers of allyl
diglycol carbonate also distribute informa- tion on  methods of making
lenses and sheets. 35          Typicallt, the monomers are polymerized   in
full, air tight molds because air      35 retards polymerization. A free
radical catalyst such as an organic peroxide or peroxy carbonate, is
dissolved in the monomer in a concentration of between about 0.1 and 10
weight percent, typically between  about 2 and 5 weight percent, and the
catalyzed monomer is heated to effect the desired degree of polymerization.
Temperatures between 40      about [err] and 120 [err] and times between
about 1 and 24 hours are generally em-      40 ployed.  Heating may be at a
constant temperature, at gradually increasing tempera- tures, or stepwise
increasing temperatures.      Useful heat cycles for the  polymeriza- tion
of allyl diglycol carbonane are disclosed in Dial et al, Polymeriza Control
in Coating a Thermosetting Resin, Industrial and Engineering Chemistry
,Vol. 49, page 45     .2447 (Dec., 1955) Tungsten hexacarbonyl may be
incorporated in a monomer or mixture thereof in concentrations  of between
about 0.01 and 1.0 weight percent based on the weight f monomer or more,
preferably between  about  0.1 and 0.5 weight percent, to give a
composition which  may be polymerized to obtain transparent, photochromic
polymeriz- 50   ate .It has been found that  when subatantially  more than
0.1    weight percent is used,  50 a polymerizate produced by adding about
3.5  weight percent diisopropyl     peroxydi- carbonate and heating at
temperatures gradually increasing from 45 to 100[err]  over a period of 18
hours contains small bubbles. However, if the polymerizate is intended for
decorative use, such as sheeting for use in stained windows, the presence
of 55     bubbles  may even be an advantge, and so concentrations of
tungsten hexacarbonyl    55 greater than 0.1 percent may be used. Thus,
saturated solutions of tungsten carbonyl in an allyl glycol carbonate, or
even dispersions of finely divided tungsten hexacarbonyl in an allyl glycol
carbonate may be polymerized to obin useful products    4
1,544,348 



When  more than  0.1 weight      percent   of tungsten      hexacarbonyl is
used,the genera- tion of bubbles upon polymerization  may be reduced or
avoided by first exposing the monomer containing tungsten  hexacarbonyl  to
ultraviolet  radiation, whereupon the solu- tion cums blue  and bubbles are
evolved  and then degassing    the  solution under 5        vacuum .The
time of exposure will vary  depending upon the intensity of the   ultra-
violet radiation,the volume of solution ,and the  concentration of tungsten
hexa- carbonyl. Any time of exposure which leads to the evolution of
visible bubbles in the solution  will serve to reduce bubbling upon
polymerization. Desirably,  exposure is continued at least until the
evolution of visible bubbles ceases and the blue color of 10     the
solution   is most intense. For example, a 0.3 weight percent solution of
tungsten hexacarbonyl in allyl glycol carbonate was exposed to ultraviolet
radiation from a carbon are in a Fadeometer. Evolution of bubbles began
within a few minutes and continued at decreasing rates for 3 hours, at
which time bubbles were still being evolved slowly. The solution  was 15
then degassed under vacuum in a dessicator for  about    3 hours.  A
polymerizate pre-        15 peroxydicarbonate was photochromic and free of
bubbles. It is preferabe to dissolve or disperse the tungsten carbonyl
uniformly in the                                 in the monomer before
polymerization in order to incorporate the  tungsten hexacarbonyl 20
uniformly in the pollymerizate so that a number of articles having uniform
properties  20 may be produced.However, if desired,an object such as a lens
made from monomer free of tungsten hexacarbonyl may be made photochromic
by soaking in a heated solution of tungsten hexacarbonyl in a halogenated
aromatic  or aliphatic organic solvent such as bromobenzene,
methylchloroform, or trichloroethylene, in order t in- 25      corporate
tungsten hexacarbonyl into   the  surface of the article.Temperatures
between                      25 about 70 and 110 [err]. and soaking
times of between about 5  minutes and   2 hours   are useful.  At  lower
temperatures,the    rate  of incorporation may be too slow at higher
temperatures, the objects, particularly lenses and flat sheets,may
warp.This technique may also be used to increase the total tungsten content
of optical 1enses  or other 30      objects      made  from   a solution of
tungsten    hexacarbonyl  in liquid monomer in order      30 to increase
the maximum   optical  density of   the lens  without encountering the
bubble formation that may occur when  a high concentration of tungsten
hexacarbonyl   is present during polymerization.In addition, a
photochromic lens or sheet into which tungsten hexacarbonyl    has been
incorporated may be  dip-dyed in the conventional  way 35     to provide a
minimum optical density even  when it is in the bleached, or photochromic-
35 ally  relaxed state. Prolonged heating of a solution of tungsten
hexacarbonyl  may result in deterioration.It is therefore advisable to
prepare fresh solution frequently. The photohromic polymerizates         of
the present invention good service lives, although  after a time the change
in optical density   in response to light and darkness 40     decreases
moderately. When  tungsten hexacarbonyl is dissolved  in the monomer,the
40 [err] thereof will, after  a    number of light-dark cycles,  take on
non-fading blue cast in the  relaxed state, but it retains significant
photochromic response and the maximum absorbance,including  infrared
absorbance,  may increase. When the poly- merizate is treated in a solution
of tungsten hexacarbonyl, the maximum absorbance 45      of the resulting
product will gradully decline, but even after may light-dark cycles,
45 significant photochromic response and infrared absorbance remains. 



When tungsten hexacarbonyl is incorporated in liquid monomer or is
incorporated into polymer by dip-dyeing, it believed to be  present
initially as tungsten hexa- carbonyl. However,when the  monomer is
polymerized, or when the monomer or                or 50      polymer is
exposed to ultraviolet radiation  the tungsten hexacarbonyl is believed to
50 undergo a chemical reaction with the monomer or polymer. Thus, certain
compositions of the  present invention  may be said to  contain tungsten
hexacarbonyl,   whereas   others may  be said to  contain a photochromic
tungsten species           derived from tungsten hexa- carbonyl by reaction
with the monomer or polymerizate thereof under the influence of ultraviolet
radiation or a free radical initiator such as an organic peroxy carbonate
poly- merization catalyst . Thus,a statement in the specification  or the
claims that monomer or polymer has tungsten  hexacarbonyl incorporated
therein  is intented     to  include in- corporation of the tungsten
hexacarbonyl by reaction as                    well as by  absorp- tion. 60
When  in the blue-colored state the  photochromic polymerizates of this
invention           60 have low transmittance in the near infrared region
from about 700 to about 2000 nanometers, and only  moderate transmittance
in             the visible region    from about 300 to about 700
nanometers. The  single Figure of the accompanying drawings graphically
depics the visible 65       and infrared  transmittance, before and after
exposure to ultraviolet radiation, of a           65    3 1544,348
5 1/8-inch thick flat sheet cast from a 0.l weight percent solution of
tungsten hexa- carbonyl in allyl diglycol carbonate, showing the
particularly low transmittance in the near infrared region from about 900
to about 1200 nanometers. Before exposure, the polymerizate  was nearly
colorless. After exposure, it was deep blue. The following Examples
illustrate how the present invention may be practised.    5 Although the
Examples describe polymerizates of allyl diglycol carbonate the methods
described may be practised with the use of the otherlyl glycol carbonate
monomers or mixtures thereof disclosed herein. EXAMPLE I. 10
Tungsten hexacarbonyl, 0.1 weight percent, was dissolved in allyl diglycol
car-    10 bonate at about 80-90 C. To a portion of this solution was added
3.5 weight per- cent diisopropyl peroxydicarbonate and the catalyzed
solution was cured in a full, air-tight     mold for 24 hours at gradually
incrasing temperature in accordance with the EP-11 cure cycle as set forth
in Table 1. 15          On exposure to a blacklamp, the polymerizate, a 1/8
inch thick flat sheet, turned  15 blue. Overnight in darkness, the blue
color faded significantly, and was regenerated by a second exposure to the
blacklamp. TABLE 1. EP-11 Cure Cycle. Elapsed Time      Temperature, [err].
0                42 



2                44 4                45 6                     46 10
48 12                50 14                52 16      54.5 18
57 20               61 22                69 23                79 24
98 24.1.            100 EXAMPLE II. 20          Samples of allyl diglycol
carbonate containing 0.1 weight percent tungsten hexa-  20 carbonyl were
cast as 1/8-inch thick sheets in accordance with the EP-11 cycle with the
use of various catalysts: diisopropyl peroxydicarbonate (IPP), di-sec-butyl
peroxy- dicarbonate  (SBP) and benzoyl peroxide. The polymerizates were
exposed to black- lamp illumination and then  placed in darkness.
Transmittance measurements at 500            at 500 25      nanometers,
green light, were made at intervals  during the exposure and recovery    25
periods.  The results are reported in Table 2.    6
1,544,348                                      6 TABLE 2 Photochromic
Properties of the Allyl Diglycol Carbonate, [err] System Cured with
Different Catalysts Percent Transmission (500 nanometers) Time After
Exposure                                             3.5% Benzoyl to
Blacklamp[err]  3.5% IPP     4.5%IPP   3.5% SBP    Peroxide (10[err]
Distant)  0.1% [err]   0.1% [err]   0.1% [err]  0.1% [err] 0          76.6
75.0          77.0         80.0 15 min      60.0          57.7      61.0
69.2 45 min      44.2 (blue)   41.8 (blue)   43.8 (blue)    60.2 (blue)
Time in Dark 16 hrs      48.8          45.9          48.3          71.2 4
days     51.2          49.3          50.0          75.2 5 days     51.2
50.2          49.6          75.8 6 days     51.2          50.7
49.2          77.3 7 days     51.5          50.9          48.8
77.2 General Electric 100 watt, PAR-38, A.S.A. Code H44-4JM. EXAMPLE III. A
sample of a polymerizate made from a 0.1 weight percent solution of
tungsten 



hexacarbonyl  in allyl diglycol carbonate was exposed outdoors to full,
midday sunlight 5      and kept in darkness. Table 3 reports transmittance
measurements   made at intervals during the exposure and recovery periods.
TABLE 3. RESPONSE OF ALLYL DIGLYCOL CARBONATE, [err] SYSTEM TO SUNLIGHT -
Percent Transmission (500 nanometers) Time After  Exposure to Sunlight
0.1%[err] 87 1 mm                              85 2 min
82 4 min                             80 10min
75 20 min                            71 50min
69 (blue) Time in Dark                         71 3 min
71 10min                            72 100 min                           79
220 min 300 min                           85    7
1,544348                                       7    1,544,348    9
1,544,348 When  the tungsten  hexacarbonyl is incorporated in  the monomer
before poly- merization (A), fatigue leads to an overall darkening of the
polymerizate and a slow- ing of the recovery rate. However, the
effectiveness of the polymerizate as an infrared absorber increases as it
darkens. When the tungsten   hexacarbonyl is incorporated by dip-dyeing,
the original photo-    5 chromic response is maintained over long periods
of exposure. Therefore, where high infrared absorbance is desired, it may
be preferable to incorporate the tungsten hexacarbonyl into the monomer
before polymerization, but if greater fatigue resistance is desired,
surface incorporation by dip-dyeing may be preferred. 10          WHAT WE
CLAIM IS:-                                                             10
1. A composition comprising a mixture of an allyl glycol, carbonate monomer
and 



tungsten hexacarbonyl. 2. A composition as claimed in claim 1 in which the
allyl glycol carbonate has the general formula 15
15 [err] wherein [err] and [err] are groups providing the allyl component
and [err] is a group providing the glycol component. 3. A composition as
claimed in claim 2 in which   [err] and [err]  have the generat formula R'
20
20 [err] wherein R' is hydrogen,-halogen or an alkyl group containing I to
4 carbon atoms. 4. A composition as claimed in claim 2 or 3 in which [err]
is an alkylene, alky1ene ether or alkylene polyether group 3. A composition
as claimed in claim 1 in which the allyl glycol carbonate 25      monomer
is diethylene glycol bis(allyl carbonate).
25 6. A composition as claimed in any of claims 1 to 5, in which up to 25
weight percent of other monomers, based on the weight of the allyl glycol
carbonate are employed. 7. A composition as claimed in any of claims 1 to
6, in which the tungsten hexa- 30      carbonyl is present in a
concentration between 0.01 and 1.0 percent by weight of the  30 monomer(s).
8. A composition as claimed in claim 7 in which the ungsten hexacarbonyl is
present in a concentration of between 0.1 and 0.5 percent by weight of the
monomer. 9. A composition according to claim 1 substantially as
hereinbefore described with 35      particular reference to any of the
foregoing Examples.                              35 10.A composition
prepared by exposing a composition as claimed in any of claims 1 to 9 to
ultraviolet radiation until gas is evolved and then degassing the ex- posed
composition. 11. A solid allyl glycol carbonate polymer article having
tungsten hexacarbonyl 40       uniformly incorporated therein, the article
becoming blue and having substantial in-  40 frared absorbance upon
exposure to ultraviolet radiation. 12. An article as claimed in claim 11 in
which the allyl glycol carbonate  has the general formula [err] 45
wherein [err] and [err] are groups providing the allyl component and [err]
is a group provid-  45 ing the glycol component. 13. An article as claimed
in claim 12 in which [err] and [err] have the general formula [err] wherein
R' is hydrogen, halogen or an alkyl group containing 1 to 4 carbon atoms.
9                                        1,544,348 



Win  the tungsten  hexacarbonyl is incorporated in the monomer before poly-
merization  (A),  fatigue leads to an overall darkening of the polymerizate
and a slow- ing of the recovery rate. However, the effectiveness of the
polymerizate as an infrared absorber increases as it darkens. When the
tungsten hexacarbonyl is incorporated by dip-dyeing, the original photo-  S
chromic response is maintained over long periods of exposure. Therefore
where high infrared    absorbance is desired, it may be preferable to
incorporate the tungsten hexacarbonyl into the  monomer before
polymerization, but if greater fatigue resistance is desired, surface
incorporation by dip-dyeing may be preferred. 10          WHAT WE CLAIM IS:
10 1. A composition comprising a mixture of an allyl glycol carbonate
monomer and tungsten hexacarbonyl. 2. A  composition as claimed in claim 1
in which  the allyl glycol carbonate has the general formula 15
15 [err] wherein [err] and [err] are groups providing the allyl component
and [err] is a group providing the glycol component. 3.A composition as
claimed in claim 2 in which [err] and [err] have the general formula [err]
20 wherein [err]  is hydrogen,halogen or an alkyl group containing 1 to 4
carbon atoms. 4. A composition as claimed in claim 2 or 3 in which [err] is
an alkylene, alkylene ether or alkylene polyether group. 5.  A composition
as claimed in claim  1 in which the allyl glycol carbonate 25      monomer
is diethylene glycol bis(allyl carbonate).
25 6. A composition as claimed in any of claims 1  to 5, in which up to 25
weight percent of other monomers, based on the weight of the allyl glycol
carbonate are employed. 7. A composition as claimed in any of claims 1 to
6, in which the  tungsten hexa- 30      carbonyl is present in a
concentration between 0.01 and 1.0 percent by weight of the
0.01 and 1.0 percent by weightt of the                          by        f
30 8. A composition as claimed in claim 7 in which the tungsten
hexacarbonyl  is present in a concentration of between 0.1 and 0.5 percent
by weight of the monomer. 9. A composition according to claim 1
substantially as hereinbefore described with 35      particular reference
to any of the foregoing Examples.                                 35 10.  A
composition  prepared  by exposing a composition as claimed in any of
claims 1 to 9 to ultraviolet radiation until gas is evolved and then
degassing the ex- posed composition. 11. A solid allyl glycol carbonate
polymer article having     tungsten hexacarbonyl 40       uniformly
incorporated  therein, the article becoming blue and having     in-
40 frared absorbance upon exposure to ultraviolet radiation. 12 . An
article as claimed in claim  11 in     which the allyl glycol carbon  has
the general formula - 



0 45      wherein [err] and [err] are groups providing the allyl component
and [err] is a group provid-  45 ing the glycol  component. 13. An article
as claimed in claim 12 in which [err] and [err] have the general formula
[err] wherein [err] is hydrogen, halogen or an alkyl group  containing 1 to
4  carbon    atoms.    10                                    l,544,348
10 14. An article as claimed in claim  12 or 13, in which [err] is an
alkylene, alkylene ether or alkylene polyether gtoup. 15. An article as
claimed  in claim 11 in  which   the allyl glycol carbonate is di- ethylene
glycol bis (allyl carbonate). 5          16. An article as claimed in any
of claims 11 to 15 in which the allyl glycol car-  5 bonate polymer is a
homopolymer. 17. An article as claimed in any of claims 11 to 15 in which
up to 25 weight  per- cent of other monomers,    based on the weight of
allyl glycol carbonate are employed. 18. An article as claimed in any of
claims 11 to 17 having a tungsten content of 10      between 0.01 and 1.0
percent by weight of allyl glycol carbonate polymer, calculated  10 as
tungsten hexacarbonyl. 19. An article as  claimed in claim 18 having a
tungsten content of between 0.1 and 05 percent by weight of allyl glycol
carbonate polymer calculated  as tungsten 20. An article according to claim
11 substantially  as hereinbefore particularly  15 21. A solid allyl glycol
carbonate polymer article having tungsten  hexacarbonyl incorporated  in
its surface, the article turning blue and having substantial infrared
absorbance upon exposure to ultraviolet radiation. 20          22. An
article as claimed in claim 21 in which the allyl glycol carbonate has the
20 general formnla [err] wherein [err] and [err] are groups providing the
allyl component and [err] is a group pro- viding the glycol  component 25
23. An article as claimed in claim 22 in which [err] and [err] have  the
general         25 formula wherein R' is hydrogen, halogen or an alkyl
group containing 1 to 4 carbon atoms. 24. An article as claimed in claim 22
or 23 in which [err] is an alkylene, alkylene 30      ether or alkylene
polyether group. 25.An article as      claimed in claim 21 in which the
allyl   glycol carbonate monomer is   diethylene glycol  bis (allyl
carbonate). 26.  An article as claimed in any of claims 21 to 25 in which
the allyl glycol 35
35 percent of other monomers, based on the weight of allyl glycol carbonate
are em- An article as claimed in any of claims 21 to 27 having a tungsten
content of between 0.01 and 1.0 percent by  weight of allyl   glycol
carbonate polymer, calculated as 40      tungsten hexacarbonyl. 



29. An article as claimed in claim 28 having a tungsten content  of between
0.1 nd 0.5 percent by weight of allyl glycol carbonate polymer calculated
as  tungsten  hexa- 30. An article according to claim 21 substantially as
hereinbefore particularly 45      described. 31. A method of making a
photochromic article which comprises adding tungsten hexacarbonyl to a
liquid allyl glycol carbonate monomer to form a mixture, and poly- merizing
the mixture to form a solid article. 32. A method as claimed in claim 31 in
which the allyl glycol carbonate has the 50       general formula
50 [err] wherein [err] and [err]   are groups providing the ally component
and   [err]  is a group pro- yiding the glycol component.    11
1,544,348 33. A method as claimed in claim 32 in which [err] and [err] have
the general formula [err] wherein R' is hydrogen, halogen or an alkyl group
containing 1 to 4 cabon atoms. 34. A method as claimed in claim 32 or 33 in
which [err] is an alkylene, alkylene 5      ether or alkylene polyether
group. 35. A method as claimed in claim 31 in which the allyl glycol
carbonate monomer is diethylene glycol bis (allyl carbonate). 36. A method
as claimed in any of claims 31 to 35 in which up to 25 weight percent of
other monomers, based on the weight of allyl glycol carbonate are em- 10
ployed.
10 37. A method as claimed in any of claims 31 to 36 in which the tungsten
hexa- carbonyl is present in a concentration between 0.01 and 1.0 percent
by weight of the monomer(s). 38. A method as claimed in claim 37 in which
the tungsten hexacarbonyl is pre- 15      sent in a concentration of
between 0.1 and 0.5 percent by weight of the monomer.   15 39. A method as
claimed in any of claims 31 to 38 in which polymerization is effected by
adding an organic peroxide initiator to the mixture and heating the mixture
to form a solid polymerizate 40. A method according to claim 31
substantially as hereinbefore particularly 20      described.
20 41. A method of making a photochromic article which comprises soaking an
allyl glycol carbonate polymer article in a heated solution of tungsten
hexacarbonyl in an organic solvent and removing the solvent from the
article. 42. A method as claimed in claim 41 in which the allyl glycol
carbonate has the 25      general formula
25 0              0 wherein [err] and [err] are groups. providing the allyl
component and [err] is a group pro- viding the glycol component. 43. A
method as claimed in claim 42 in which [err] and [err] have the general 



formula R' [err] wherein R' is hydrogen, halogen or an alkyl group
containing 1 to 4 carbon atoms. 44. A method as clamed in claim 42 or 43 in
which [err] is an alkylene, alkylene ether or alkylene polyether group. 35
45. A method as claimed in claim 41 in which the allyl glycol carbonate is
diethyl-  35 ene glycol bis (allyl carbonate). 46. A method s claimed in
any of claims 41 to 45 in which the allyl glycol carbonate polymer is a
homopolymer. 47. A method as claimed in any of claims 41 to 45 in which up
to 25 weight  per- 40      cent of other monomers, based on the weight of
allyl glycol carbonate are employed.  40 48. A method as claimed in any of
claims 41 to 47 having a tungsten content of between 0.01 and 1.0 percent
by weight of allyl glycol carbonate polymer, calculated as tungsten
hexacarbonyl. 49. A method as claimed in claim 48 having a tungsten content
of between 0.1 45      and 05 percent by weight of allyl glycol carbonate
polymer calculated as tungsten  45 hexaxarbonyl.    1,544,348
12 5O. A method according to claim 41 substantially as hereinbefore
particularly de- described. W. P. THOMPSON & CO, Coopers Building, Church
Street, Liverpool, L1 3AB, Chartered Patent Agents. Printed for Her
Majesty's Stationery Office by the Courier Press, Leamington Spa, 1979.
Published by the Patent Office 25 Southampton Buildings, London, WC2A 1AY,
from which copies may be obtained.    


