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.q.N ORGfu\IC-INORGfu\IC FNBzuD GLASS HOSTNG PHOTOCF{ROIVIIC DYES

L Hou', M. Menrug and H. Schmrdt
Institut fi:r Neue Matenalien, Universitätscampus. Gebaude -li, Im Stadtwald
W-66 123 Saarbrucken. GermanY

An organic-inorganic (O-l) hybrid g.lass hosting photochromic spirooxaztne dyes has

been prepared via the sol-get method with orgarucally modified silicon alkoxrdes as

starring matenals. The utrlization of methyltnmethorysilane (iv{TMS) and l-

glycidorypropyltnmethorysiiane (GPTMS) at appropriate mole ratios led to different

ii1.p.r ot: the glassy materials. The photochromrc response, colour-decay speed,

thermal and phorochemical stabilities of the dye in the hybrid glass were studied and

compared wirh the dye-in-ethanol (DIE) and dye-in-polymer (DIP) irut,.rnt. JE
results reveal that ( 1) rhe photochromic response is better than both the DIE and DIP

systems: f2) the colour-decay speed is similar to the DIE and much higher than the

Dlp sysrem, and (3) rhe rhermal stabiiit-v is better than the DIE and similar to the DIP

system, whrle rhe phorostabiiity is between them. \latnx elTect is discussed on the

photochromism of the dye in the hybnd glass'

I  NTRODUCTION

In recenr vears the importance of organic dyes used flor vanous optical purposes has been

increasing sigruficantlv fake photochromic dyes tor example. fundamental and apptied

research work on them haue been receivrng more and more interests It is weil known that the

matnx matenais which host phorochromic dyes are oi great importance to the pertbrmance o[

a photochromic system and rhar sol id matnces possess a number oi advantages over i iquid

matnces, especia.lly in overcomtng the agglegatlon probiem of dye molecules and in the

improuemeni of photostability. Since the tugh temperarure-meltrng of inorganic glasses

precludes them from hosting örganic dyes. most of the research work on soiid matrices ior

photochromic dyes have been tocussed on orgaruc polvmer systems (1-l) todate. In a dye-in-

polymer (DiP) photochronuc system. however, the photochromrc response of the dye is deeply

depressed so t'hat a high concentration (> 1 wt9lo) of the dye is necessary to obtarn an

acceptable photochromri inrensitv, and the bleaching speed of the activated colour is largely

lowered by more than l0 rimes so rhat cenain applications which require täst bleaching

become impossible. Therefore, efforts to seek for bener matrix matenals for organrc

photochromic dyes have never ceased. J. A. Blair and co-workers (4) reported the preparatron

of a new glass fbr hosting organtc compounds by tow temperarure (< 200 'C) melting of mixed

metal carboxylate salts and t[e dyes. The photochromic dves, photochrome I and photochrorne

II, doped in the glass (2 mm rhick discs) at a concentration o10.5 wtTo showed photochrom-rc

,..ponr. to 5,unrhin. Other aurhors have concentrated their efrorts on the exploitation of the

,o1-gel method for the prepararion of inorganic oxide glass (5-8) or orgaruc-inorgaruc hvbnd

t:,  sl  gJass matnces hosting photochromic dyes, e.g. spiropyranes (SP) (5-7) and l , l -

diphenyhndenone oxide (DPIö) (8), because of the many uruque and desirable tbatures of the

sol-get process: near-room temperature wet-chemical synthesis, formation of hrghly

homogenous and fughty pure porous solids. The composition, structure and properties of the

gels can be rai lored"in'response ro dif ferent matenal requirements by the chemical design oi

morecular precursors and the elaborate control of the hydrotvsis-condensation process These
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geis offer encouraging possibilities for the incorparation of a broad variery of organic dyes. We
have focussed on a class of photochromic dyes, spiroindolinonaphthoxazine (ibbreviated as
spirooxazine, SO). They possess good photochromic response to UV irradiation, higher täding
speed of the coloured form and higher photostability than the SP dyes, but linle work has beei
published on the incorporation of them inro sol-gel derived matrices. In our previous work
(9-11) the spectral and photochromic propenies of rhe dyes in aluminosilicare and
ORIV{OCER coatings and gels were reported as compared with those in ethanol solutions. In
tlus paper we describe the preparation of O-l giass rods and discs in various dimensions and
coatings of different thickness in the MTMS-GPTIv{S system by taiionng rhe viscosity of the
sois through optimizing composition and introduction of appropriate additives We also
present experimental results on the photochromic intensiry, colour-decay speed, thermal and
photochemical stabüity of the dyes in the O-I glass as compared wrrh DIE and DIp systems.

2. E)GERN{ENTAT

2.1 Sol-gel preparation

The preparation procedure of the organic-inorganic giass rod, disc and coating is shown in
Fig. 1 using MTMS and GPTMS as stafting materials. The finai mole rario of HiO to siianes
MTMS r- GPTMS) is 3.0 and the volume rario of EIOH to silanes is 0.j Additrves such as
NaAc and NaF were introduced th before the addition of the SO dye in EIOH solution at a
mole rat io of 1xl0-2 and 5xlOa to the si lanes. respectively Al l  the samples are label led unrh
MGmr\ where M and G represent MTMS and GPTMS, respectively anci m/n denotes rhe M-
to-G mole ratio. For the purpose of companson SO-Pl,{\lA coatinss were prepared by
spraylng on slide glass substaftes using the SO-PM}.,[A-EA (ethylacetare) solurion. The
concentration of P\,&IA is 15 e / 100 ml EA.
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2 2 Vleasurement of properties

The viscosity at a rotat ion speed cf 500 s-l  t '*ras taken using theZl measuring svstem of a
computer control led PHYSICA rotat ionvrscometer to morutor the nscosity evolut ion dunng
the earl,v stages of the sol-wetgel transformation. A SLbITEST ÖPS lHeraeus) apparatus was
emploved to charactenze the photostabi l i ty of the samples against UV irradiat ion at the
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intensity of 600 Wim2 Heat treatment was conducted in a IIEIMERT modei 100 electnc
h.rrnace to vanous temperatures for esrimating the thermal stabiiiry The home-made apparatus
used for the measurement of photochromism was described in a prevrous publication (10) The
photochromic response expressed in terms of equiiiibrium absorbance at the steady state under
LfV irradiation, AA9, and the iading speed of the activated colour on cessation of Un'
irradiation expressed in terms oihalf-tife time, t61 j, were deduced from the tansmission vs. time
curves recorded by the apparatus dunng the colouring-fading process. Due to the temperarure
dependence oiail the photochromisrg organic or inorganic, a CONATEX 9010 thermometer
was used to measure the real-time temperature at whrch a photochromism measurement was
carried out.

i RESI,'I-TS tu\D DISCUSSION

l. I Effea of composition and additive on viscosiry evolution

On account of the lact that photochromic dyes doped in pure silica or aiuminosilicate
gels would either lose their photochromic activir.v rapidly or change ro inverse photochromism
(5, 7, 1l) even dunng the sol-wetgel transtbrmation stage. we decrded to use orgarucallv
modified silicon alkoxides, R'Si(OR):, as starting precursors At fust. we tned pure MTMS. It
was found that although the doped SO dye exiubits detectable photochromrsm in the sol-
wetgel stage, Äfu would decrease rapidly dunng the ageing and dryrng process and vanish as
the ngrdity of the gels reached a cercain level. And what is more, rhe irutial colourless gels
changed to yeilow or even brown imolying that the dye molecules are eirher passivated or even
destroyed due to the high volume shnnkage (> 80%) SO-doped gels w'ere aiso prepared from
GPTMS alone considenng that it possesses properties favourable to photochromic dves, i.e.
the long glycidorypropyl (GP) chain is helprul in crearing a more flexrble matrix f,or
photochromic dyes and the polymerisation berween the epory groups would play a certain role
in improving the mechanical properties of the geis. However, ir was found chat the gelling time
is too long to ailow aquirement of a wetgel wrthin one monrh a.lthough intense photochromic
response is mainrained.

Using both NITMS and GPTVTS as staning precursors, sols having vanous mrn ratios
were prepared via the procedure depicted in Fie I The 'nscosir.v evolution of the sols oi
vanous compositions and with different additives is shown in Fig.?. It can be seen that (1) the
viscosity increase with time is significantly accelerated wth increasing m/n ratio, (2) this
acceleratton process is enhanced greatly by the addition of Na-{c and moderately by NaF, as is
evidenced by the resuits that the viscosity increase of the MCr64, MG82 ,.xith NaAc and ,v'{G82
with NaF is too fast to morutor, (i) in the case of NaÄc-additive only the pure GPT){S sols,
while in the case of NaF-additive and no-additive sols with the mrn rarisos less than l 7 would
remain ungelled ibr a pretty long penod of time (>> I monrh) if the sols were arr-tight These
results suggest that it is possible to tailor the vrscosity by changing composirion and additives
in order to obtain different shapes of the glassy matenals It was in thrs wav that we prepared
our O-l glass rods and discs in various dimensions and coatings of difrerent thickness. The
uti l izat ion o[the MG system at appropnate m/n rat ios led ro moderate getl ing r ime ( i00-200
h) and volume shrinkage (around 50%) rendering i t  possible to monitor the variat ion of rhe
photochromism (trfu and t6 5) oI the SO d;-es during the sol-wetgel-xerosel transformation f,s
a result of room temperature holding and due to heat treatment or LV inadiat ion and to make
comparisons with the DIE and DIP systems.
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i .2 Photochromic response at room temperarure

Fig.3 shows Jfu as a function oi dye concentrat ion in ethanol, O-l glass coating and

pvf,vtA coating, respäctively Note that concentrations are ret'erred to those in SO-EIOH. SO-

pl{fvlA_EA solut,ons and sois for o-l glass coatings. The volume shnnkage täcrors tbr the o-l

glass coatings and the PMMA coat'ings are ca 2- 5 and ) 0' respectively This means

comparison between these two systems is"reasonabte. It is clear that (1) senous assresation of

the dye molecures occurs in the DIE system as rhe concenrrarion becomes tr ighei lhui ;*tot

mole/I, (2) although the aggregation problem is overcome to certain eKtent rn the DIP system

the photochromic response intensiry is at the same time badly depressed' (l) the ÄArl ot a O-l

giass coating ,, tu.i, higher than that of the corresponding PMIv{A coatlng and increases

monotoruca.llv wrth dye cäncentratlon, implying that better photochromic response of the d.ve

rs obtained in the O-t glass than in the other rwo svstems
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13)  Pl l fv tAcoatrng(0.? mm rhrck)  iT=:2 i  'C)

I I Erfea of heat trearment on Jlvl and rrl r

T h e t o - ; a n d r e l a t i v e l o s s o i l A l o f s o l - d o p e d o - I g l a s s c o a t i n g s a s a f u n c t r o n o | h e a t
rreatmenr remperarure are shown in Fig 4 it follows trom the tigure that (1) heat treatment has

l i tr le effect on t0 5 up to 120 "C, (2) relat ive loss of AAo increases with increasing heat

rreatmenr remperarure and. the greater the content of NITIIS' the greater the loss' ( i)  in the

worst case (N{G82) the relat ive loss of aA. is around lo9/o betbre l :0'c and amounts to 259,,0

after a heat treatment at 120 'C tbr 6h. Fig 5 presents the vanation oi tg 5 and lArl  of SOI-

pvlMA coatings with R.T -holding and heät trearment. In contrarv to the .o-l  
glass coatrngs'

trt j increases very rapidly with incriasing heat treatment temperature; even in the case oi R T -

holding wrthout heat treatment, t() - ;  increases slowlv, too On the other hand' iÄl shows no

signif icant decrease before 140'C Heat treatment at l-10 "C tbr 6h resuits in a relat ive loss of

Jlvr less than l5g6 companng Fig. a with Fig. 5, i t  is evident that rhe thermal stabi l i ty of tr l  -s

of lhe SOi-doped O-l glass is much better ihan the SOI-P\ ' [ \ tA sytem' while the thermal

srab i l i tv  o f  ÄAr t  o f  the Sol -p fv [ \ {A svstem is  a  l i t t le  bet ter  than the SOl-doped O- l  g lass
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i 4 Effect of UV irradiation on AÄl and ro ;

The relat ive loss of AAo as a function of,UV exposure (suntest) t ime on samples descnbed
in Table I is compared in Fig. 6 [ t  turns out rom Fig 6 and Table 1 that ( l)  Lr/ i rradiat ion
makes no detectable int ' iuence on t0 i  of al l  the samples rested. 12) rhe photostabi l i ty of rhe SO-
doped O-l giass measured bv the relative loss of JArl is berween the DIE and DIP systems.
suggesting that further improvement in the photostabrlirv is necessarv betbre some applicatlons
can be put into effect, (f ) with the addition of oniy a smail amounr of
t luoroaikvltr imethoxysi lane (SF) the photostabi l i ty of rhe O-l q. iass can be considerablv
enhanced, inciicatrng a promising fi.rture ibr the O-l hybnd slass hosting photochromic dyes.

t 7 9

t ) F

I

,.:o i-

r. l -5 |

) -  f r d )

. 1 0

1

)
al {)

l m e r h )

F i g  5 :  V a n a r r o n  o i l \  r n d  b  s  t . f = l ? . J  
. C )  o t  S O l  i l x l 0 ' ,  n o l r l ) -

P l l lv {A ;oarrng r0 I  mm th icr )  wr th R, .T. -holdrng rme "rno

heat  r€armcn( rHT):  (a)  lOt)  ,C l :  tL  (b)  l l0  ,C d h.  rc)

l : 0 , c  6 h . ( d )  l + 0 ' c  5 h

, t  _- r '

r . '
\,{: i

.x t)
- V . @ w m e r h )

Fig.  5.  Relat rve ioss r f  \ \ ,T. .15 'C)  rs  r  tunc l ron ot 'L .V crposure

' suntesl) tlme un samgics descnbrd in Teble I

t ;

n l  
( ,

'l-r-|=--::'- '^.

- i -  f f l ' 6 )
- - b f f i- :

i l l

{

I

J . t 0  F

,.0: !

7.:
4  { ) F

- a

a )
! :

' i '

The dif ferent photochromic periormance of the SO dves in the three matrices, ethanol. O-l
g.lass and polymer, is closeiy related to their structures and thereby the environment
surrounding rhe dye molecules In ethanol soiut ion, the degree oi lreedom of the dve moiecules
is hugh so that the speed of photochromrc transtbrmation is hrgh- but ar higher concenrratlons
the probabil i tv of asgregatron of the dye molecules becomes hreher and the photochromic
response is passivated. In addition, the poor then'nal and photochemrcal srabiliry of the DIE
systems are selt--evident. The degree of t ieedom of the dye molecuies rn rhe DIP systems ls
Iargely degraded due to the complexity of the strucnrre of polymer with various archrtecrures,
e g. l inear f lexible chains, graft.  H-shaped, nng and star (12), result ing in the deep depression
ot the photockonuc activitv of the dves. ret'lected by the decrease of IÄt and increase of t11 5
However. both the thermal and photochemical stabi l i t ies of rhe dves in polvmer are qreativ
rrnproved as compared with the DIE systems, although st i l l  unsatrsiä.rory The dve molecules
trapped in the pores o[ the sol-gel denved O-l glas-ses possess hgh degree of lreedom tor
photochronuc transtbrmation and low degree o[ freedom to move togerhei [or aggreearron. so
that the photochromic response is better than both the DtE and DIp iust.rnr, the colour fading
speed is simllar to the DIE and much fugher than the DtP svsrems The porous structure of the
O-l glass may lavour the thermal stabi l i ty whrle make i t  easier for oxvgen ro penerrare into the
pores and degrade the photostabi l i tv, behind which the mechanism is st i i l  unciear
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Table 1
Vleasured vaiues of t1y _5 (s) (T = 25 oC)
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after various iengths of LV exposure (sunrest) time

Sample
No

Dye

(C, moll)

Matrix

(thickness, mm)

Exposure rimelengrh (h)

I  5-?5 j0_501l -  l0
I

2

)

,1*

S O i  ( a x l 0 - ; ;

S O 3  ( t x t 0 - i )

S O 3  (  t x  1 0 - i )

S O I  (  t x  i 0 - j )

S O I  ( t x i 0 - i )

S O  t  1 S x  t O - ; ;

ErOH (  t0)

o-r GLASS r0 1)

o-r GLASS (0 1)

o-r cl .{ss (o 1)

PVß,{A (0 2)

P\[v{A (0 ])

I  Q - ?  n

l 9

l 8 - j  I

8-2 0

7 - l  9

8 - l  9

Y - J  U

7.-i 0

I  7 - 1  9

i  7 - l  I

2 8 - 1  0

' -  
\  I  I

I

I

I

l
)

6

RSF =  i x  i 0 -2
RSF  =  j x10 -2

4 CONCLUSIONS

Different shapes and dimensrons of organic-inorgamc hvbnd glasses in l l r l fS-Gprvtssystem have been 
::d: 

bv the sol-gel pro.-.rr io, ;;;ilg photochlromic dfes Spirooxazinesentrapped in rhe o-r grass show pÄ'oto:k:Tr. ..rponr.-u.,r.,- ;;; ;;;ihe DIE and DIpsystems' colour-decay speed simrlar to the DIE and;r.h higher tr,un,i ,"-ötp rur,.*.  thermalstabiliry sirrular to the öp *O of course much better than the DiE system. Eftbns must beä:* i : J il[:äT':J i:' ;:'i il y, li n 
il i " o.ä' o] i g h;; p h ; " ;';;,ü,.,,,,."' s b e rb r e
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