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PROMOCIJAS DARBA VISPAREJS RAKSTUROJUMS
Temas aktualitate

Organisko savienojumu plasais kimisko struktiru klasts un to neierobezotas
modifikacijas iesp&jas lauj iegnit fotonikas materialus ar specifiskam vélamajam ipasibam un
augstu veiktsp&ju. Minétais pétijumu virziens ir piedzivojis savu uzplaukumu tiesi pedgja
desmitgadé un ir devis praktiski pielietojamus materialus tadas sferas ka gaismu emitgjosas
diodes (OLED)!, holografiska ieraksta materiali’, nelineari optiskie materiali® un saules
energijas $tinas®. Vairums fotonika lietoto organisko vielu ir pieskaitamas polimérmaterialu
klasei, kur praktiskajam pielietojumam nepiecieSama augstas optiskas kvalitates stiklveida
fazes veidoSanas tiek panakta, fotoaktivo komponenti kovalenti saistot vai iejaucot
lielmolekularos savienojumos. Atskirtba no polim&rmaterialiem, molekularajiem stikliem
piemit virkne priekSrocibu: atvieglota attiriSana un strukturas pieradiSana, viegli atkartojama
pasibu kopsakaribu konstaté$ana®. Tom@r praksé §1 materialu klase ir salidzino$i maz
izplatita, kam par iemeslu minams fakts, ka stiklveida fazes veidoSanas mazmolekulariem
savienojumiem ir vaji izprasta, un $adu materialu iegtisana liela méra balstas uz méginajumu

un kliidu metodi.
Pétijjumu meérkis un uzdevumi

Promocijas darba meérkis ir jaunas, universalas molekularo stiklu iegliSanas metodes
izveide, kas balstita uz stériski apjomigo un nepolaro trifenilmetil- un trifenilsilil- aizvietotaju
kovalentu ievadisanu fotoaktivas molekulas. Sada modulara pieeja lautu prognozgjami iegiit
amorfu fazi veidojosus, mazmolekularus, fotonika pielietojamus savienojumus. Ka sintezéto
materialu praktiska pielietojuma demonstracijas virzieni paredzeti nelineari optiska (NLO)
efekta un holografiska ieraksta petijumi.

Darba uzdevumi:

1) Veikt tadu ,,donors- 7 elektronu tilts- akceptors” (D-mn-A) tipa trifenilmetil- vai
trifenilsilil- aizvietotajus saturosu molekularo stiklu sintézi, kas ir piem&roti NLO un

holografiska ieraksta pétijumu veikSanai.

! Walzer, K., Minnig, B., Pfeiffer, M., Leo, K. Chemical Reviews. 2007 107, 1233-1271.
2 Natansohn, A., Rochon, P. Chemical Reviews. 2002, 102, 4139-4175.

3 Dalton, L. R., Sullivan, P. A., Bale, D. H. Chemical Reviews. 2010, 110, 25-55.

4 Giines, S., Neugebauer, H., Sariciftci, N.S. Chemical Reviews. 2007, 107, 1324-1338.

5 Strohriegl, P., Grazulevicus, J. V. Advanced Materials. 2002, 14, 1439-1452.



2) Analizét iegito savienojumu UV-VIS absorbcijas, termoplastisko, NLO un

holografiska ieraksta 1pasibu atkaribu no to struktiiras.
Zinatniska novitate un galvenie rezultati

Izstradata un izanaliz&ta jauna molekularo stiklu iegtiSanas metode, kas izmantojama
dazadu strukttiru polariem organiskajiem hromoforiem. Savienojumu praktiskais pielietojums
demonstréts, ieglstot materialus ar nelineari optisko aktivitati, un tajos sekmigi veicot

holografisko ierakstu.
Darba struktiira un apjoms

Promocijas darbs sastav no trim nodalam: literatiiras apskata, rezultatu izveért€juma un
eksperimentalas dalas. Literatiras apskata apkopoti organisku materialu nelineari optiska
efekta un holografiska ieraksta teorctiskie aspekti un fizikalo parametru-savienojumu
struktiru kopsakaribas. Apkopota informacija ari par molekularo stiklu materialu klasi.
Rezultatu izvert§juma dala izklastita savienojumu iegSana, to gaismas absorbcijas un
termoplastiskas 1pasSibas. Iztirzatas un analiz€tas materialu NLO un holografiska ieraksta
pasibas atkariba no savienojumu strukturalas uzbiives. Eksperimentalaja dala doti 1idz Sim
literatiira neaprakstitu vielu sintézu apraksti un veikto fizikalo eksperimentu metodika.

Darbs ir uzrakstits latvieSsu valoda, un ta apjoms ir 153 lapaspuses. Tas satur

76 attelus, 8 tabulas, 149 literattiras avotus un 11 pielikumus.
Darba aprobacija un publikacijas

Promocijas darba rezultati atspoguloti 11 publikacijas. Visi publicétie darbi indekseéti

zinatnisko rakstu bibliografiskaja datubazeé SCOPUS.
Publicétie raksti:

1. Traskovskis, K., Lazdovica, K., Tokmakovs, A., Kokars, V., Rutkis, M. Modular
approach to obtaining organic glasses from low-molecular weight dyes using
1,1,1-triphenylpentane auxiliary groups: Nonlinear optical properties. Dyes and
Pigments. 2013, 99(3), 1044-1050.

2. Ozols, A., Augustovs, P., Kokars, V., Traskovskis, K., Saharov, D. Effect of
holographic grating period on its relaxation in a molecular glassy film. 10P

Conference Series: Materials Science and Engineering. 2013, 49(1), art. no. 012043.
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Traskovskis, K., Mihailovs, 1., Tokmakovs, A., Jurgis, A., Kokars, V., Rutkis, M.
Triphenyl moieties as building blocks for obtaining molecular glasses with nonlinear
optical activity. Journal of Materials Chemistry. 2012, 22, 11268-11276.

Ozols, A., Kokars, V., Augustovs, P., Traskovskis, K., Saharov, D. Holographic
studies of photoinduced anisotropy in molecular glassy films containing
diphenylamine azochromophores. 0P Conference Series: Materials Science and
Engineering. 2012, 38(1), art. no. 012011.
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triphenyl modified chromophores. IOP Conference Series: Materials Science and
Engineering. 2012, 38(1), art. no. 012034.

Traskovskis, K., Mihailovs, I., Tokmakovs, A., Kokars, V., Rutkis, M. An improved
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as amorphous phase formation enhancers. Proceedings of SPIE - The International
Society for Optical Engineering. 2012, 8434, art. no. 84341P.
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chalcogenides. Central European Journal of Physics. 2011, 9(2), 547-552.
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PROMOCIJAS DARBA GALVENIE REZULTATI
1. Molekularo stiklu sintéze

Mausu darba grupas pétijumu gaita konstatgjam, ka trifenilmetilgrupas ievadiSana
mazmolekularu hromoforu molekulas veicina $adu savienojumu amorfas fazes veidoSanas
sp&ju. Pamatojoties uz $o novérojumu, izvirzijam mérki izvertét minétas strukturalas pieejas
piemérotibu fotonikas materialu iegiSanai. Atbilstosi 1. att€la dotajai visparigajai
strukturalajai shémai, sintez&jam sériju savienojumu, kuros variétas trifenilmetlaizvietotaju un
hromoforu strukturas. D-n-A tipa hromoforu izvéle tika balstita uz to piemérotibu NLO un

holografisko p&tijumu vajadzibam.

(AMORFAS Y
FAZESV
VEIDOSANOS
VEICINOSAS (1T — HROMOFORS)
GRUPAS /N
~ < )
= O 7z X<
\_ Y N Elektronu
Elektronu X akceptors
\ donors n
elektronu

23

Y . //\/0

1. att. Darba demonstréta modulara pieeja hromoforus saturoSu molekularo stiklu iegiiSanai.

) end
iy

1.1. Trifenilmetoksi- un trifenilsililoksi- fragmentus saturo$u savienojumu sintéze

Atbilstosi 2. attélam, veicam azohromoforus saturoSu molekularo stiklu sintézi, kas
Istenojama 2 stadijas. Sakotngji azosametinot anilinu 1 ar akceptorus aizvietotajus saturosiem
diazonija saliem, un tad alkil&jot iegilita starpprodukta brivas hidroksilgrupas ar tritilhloridu

vai trifenilsililhloridu, ieguvam mérksavienojumus 2a-f.
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N,BF,
: a5
2a R=NO, R,=H X=C (68%)

(@) AcONH,, DMFA, 0°C 2b R=NO, R,=H X=Si (52%)
HO_~ ~_OH 2¢ R=NO, R;=Br X=C (52%)

2d R=NO, R =Br X=Si (47%)
(b) Ph,CCl, Et3N Py, 60° C Q j \©\ 2e R=CPh, R,=CI X=C (49%)

N 2f R=CPhy R =CI X=Si (43%)

1 (c) Ph3S1C1 Et3N Py, i.t. @ j@\

2. att. Trifenilmetoksi- un trifenilsililoksi- fragmentus saturoS$u azobenzolu sintéze.

Indandiona akceptoro fragmentu saturoSiem hromoforiem piemit salidzino$i zems
dipola moments, bet augsta hiperpolariz€jamibas () veértiba, kas tos padara perspektivus
NLO pétijumiem. Benzilidén-1,3-indandionu 5a,b sintéze Tistenojama, sakotngji veicot
Knévenagela kondensaciju starp 1,3-indandionu 4 un aldehidu 3 un sekojosi ievadot molekula

trifenilaizvietotajus (3. attels).

0 @Q @O
HO\/\N/\/OH (a) EtOH, piperid., v.t.
o 4

5a X=C (57%)
5b X=Si (49%)

(b) Ph;CCl, Et;N, Py, 60° C
vai
(c) Ph;SiCl, E4N, Py, i.t.

3. att. Trifenilmetoksi- un trifenilsililoksi- fragmentus saturo$u

benzilidén-1,3-indandionu sintéze.

Hromoforu B vertibas palielinaSana panakama, pagarinot to konjugacijas kédes
garumu. Ar $adu mérki veicam poliéna 11 sintézi (4. att€ls), ka bazes savienojumu izmantojot
2 pozicija 2-hidroksietoksi aizvietotaju saturoso izoforonu 7. Péc kondensacijas ar aldehidu 3
un hidroksilgrupu tritiléSanas tika iegiits starpprodukts 8. Stérisko efektu dél savienojuma
karbonilgrupa ir raksturojama ar zemu reagtsp&ju, tapéc poliéna k&des garums tika
pagarinats, karbonilgrupai pievienojot acetonitrilu, dehidratgjot iegtito tres€jo spirtu, reducgjot
nitrilgrupu lidz iminam, tad to hidrolizéjot. Aldehida 10 kondensacijas reakcija ar 1,3-

indandionu tika iegiits v€lamais produkts 11.

10



(a) H,0,, NaOH, MeOH (¢) 3, EtONa, EtOH, 60°C
(b) Na, HOCH,CH,OH O~OH (d) PhyCCL, Et;N, Py, 70°C
67@\ 7 N~ OCPhy
(57%)
NC 0

OCPh;
(e) CH;CN, nBuLi, THF, -78°C

(f) AcOH, 60°C

O~0CPh, () DIBAL-H, toluols, -78°C H
(h) H,0, Si0,

(47%)

10

~_OCPh,
N (43%)

N~ OCPh
OCPh,
Ph;C-Q OCPh,
(i) 4, piperid., CHCl, N Q \
10

PhyC-O 4 g

©1%) o

Ph,C

4. att. Poliéna 11 sintézes shéma.

Veicam ar1 pagarinatas donoru un akceptoru saisto$as konjugacijas k&des stilbéna-
azobenzola tipa hromofora 16 sintézi (5. attéls). Kondensgjot aldehidu 3 ar p-
nitrobenzilcianidu (12), tika iegtts stilbéns 13, kura nitrogrupu talak reducéjam lidz aminam
Reneja nikela klatbtitné. Mérka hromofors tika iegiits Milsa reakcijas rezultata starp anilinu

14 un nitrozosavienojumu 15, péc ka veicam acetilgrupu noskel$anu un trifenilsililgrupas

ievadiSanu.
CN AcowN/\/OAC ACOV\N/\/OAC
(@ iPrOH, plperld
3 N NO, NN (b) Hy, Re-Ni, THF ' CN
(55% (59%
NO
Br Ph3SIO

(c) 15 AcOH, 70° C
14 NO, \ N
(d) KOH, MeOH 02

(e) Ph;SiCl, EiN, Py, i.t. Ph3SlO
’ ’ (40%) Br

5. att. Stilbéna-azobenzola tipa hromofora 16 sintéze.
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Organisko savienojumu spé&ju veidot amorfo fazi veicina to struktiiras sazaroSana. P&c
6. attéla dotas metodikas tika iegiiti amorfu fazi veidojosi divus vai tris azobenzolus saturosie
sazarotas struktiras savienojumi 23a-d un 24a,b, kuros palielinata fotoaktiva hromofora

masas dala un samazinats trifenilaizvietotaju skaits.

N,BF,
0O,N OCPh;,
Ph3CO\/\N/\/OCPh3 (a) 18 NMP, i.t.

NO,
O
cooH HOOC N
17

(75%) OCPhy

/\N/\/OH HO\/\N/\/OH

DCC DCM (c) DCC, DCM

b
( ) OCPh
OCPh3

N\/\OCPh3 OCPh;

Ph3CO—/— Q H
YQ ol
N .
N Ny OCPh,

(0)

21 NO: \L WW/Q
~_O
(60%) _\NQ 2 N
— (73%) 0 NO,
o
0
(d) RPh-N,BF,, NMP \ (d) RPh-N,BF,, NMP
PhyCO Ph;CO Ph;CO
N 2 O,N
2 N
Q _\_OCPh3 N@N 0 @ _\—OCPh3
g N4<\ >—/<
\ N=N Ph,CO

23a (41%) ©

o]
N=N
X—NN{ }N\_\ pNOZ X—NN@‘N%—\ py\]%

0
23b 39%) O 24a (70%) 0
23¢ (57%) 24b (46%)
23d (42%)

e - - -

Br NO,
x- 0
NO, CPh, CPh, NO,
(@) (b) (c) (d)

6. att. Sazarotas struktaras molekularo stiklu 23a-d un 24a-b sintéze.

Pa abiem benzola gredzeniem funkcionalizeti, difenilamina donoro fragmentu saturosi
hromofori literatira lidz $§im nav apskafiti. Sada tipa amorfu fazi veidojosi azobenoli
ieglistami atbilstosi 7. attéla dotajam sintézes celam, alkil&jot difenilaminu ar 2-hloretanolu,
veicot diazosametinasanu un ievadot molekula trifenilmetil- vai trifenilsilil- aizvietotajus.
Difenilamina diazosametinasanas process raksturojams ar sakotngji strauju reakciju pa vienu

no difenilamina gredzeniem, kamér reakcija pa otru fenilgredzenu norit daudz lénak, ko

12



nosaka samazinatatais elektronegativais dalladin$ uz difenilamina slapekla atoma. Pilniga
azosametinaSanas netika panakta pat vairakkartiga diazonija sals parakuma, un produkti tika
izdaliti, hromatografiski atdalot bis un mono azosavienojumu maistijumu.

OXPh,
(a) CICH,CH,OH, 130°C

H
O/N\Q (b) RPh-N,BF,, NMP : N :
25 (c) TrCl, E;N, Py, 60° C R, N N R,
vai N
(d) Ph3SiCl, EG3N, Py, i.t.
R

26a R,=Br R,=NO, X=C (26%) 26b R,=Br R,=NO, X=Si (28%)
26¢ R,;=H R,=NO, X=C (28%) 26d R,=H R,=CN X=C (18%)
26e R,=Cl R,=CPh; X=C (22%)

7. att. Azobenzolu sintéze uz difenilamina bazes.

OH OAc
(a) Ac,0, v.t.
©/N\© (b) POCl;, DMFA, 60°C
27 ©/28\©\’//
(71%)
Br AcO
2,y
N
NH2
29 30 NC
(c) 28, Py (d) 15, AcOH, 60° C

Q (5%) 27%)
20,
$ NC o2
AcO

N,BF,

Br H

(e) MeCN, AcOH ON
NO Br N

2
(f) KOH, THF, MeOH

(2) TrCl, Et;N, Py, 60° C O,N 32a R=CPh; (47%)
vai 32b R=SiPh; (45%) N

(h) PhySiCl, EGN, Py, i.t. I:L
Br NO,

8. att. Nesimetrisku hromoforu sintéze uz difenilamina bazes.

31
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Veicam arT nesimetrisko, uz difenilamina baz&to savienojumu 32a-b sintézi (8. attéls).
Viena no difenilamina gredzeniem tika ievadits hromofora 16 analogs, kamér otra vienkarss
azohromofors. Stilbéna-azobenzola sistému ieguvam ar divam metodém, Milsa reakcija starp
anilinu 29 un nitrozosavienojumu 15 vai kondensgjot aktivo metiléngrupu saturo$o
azobenzolu 30 ar aldehidu 28. Daudz augstaks sintézes iznakums tika konstatéts pirmaja
gadijuma. Sekojo$a azosametinasanas reakcija Tstenojama vaji skaba vid€, acetonitrila-

etikskabes $kidinataju sisteéma.
1.2. 1,1,1-Trifenilalkil- fragmentus saturo$u savienojumu sintéze

Ka trifenilmetoksi- grupas saturo$o savienojumu potencialo pielietojumu limit&josu
faktoru ir jamin tritilsteru zema kimiska stabilitate skaba vide. Sada Tpasiba var apgriitinat
materialu praktisko pielietojumu fotonikas iekartas, ja to tehnologiskie razoSanas procesi vai
ekspluatacijas apstakli paredzetu materialu paklausanu skabas vides iedarbibai. Turklat
tadejadi tiek ierobezoti arT iesp&jamie savienojumu sintézes celi. Tadel izvirzijam merki iegat
amorfu fazi veidojoSus savienojumus, kur trifenilmetilgupa un hromofors biitu saistiti tikai ar

Kimiski izturigo C-C saiti. Strukturalie mekl&jumi tika uzsakti atbilstosi 9. att€lam.

H
N
(@PhyP, L, © 25@
OH  imidazols, THF I

Q Q =
(74%
CPh
(b) SOCI,, v.t. I (e)35,K,CO, 3
COOH (¢) L1A1H4 THF acetons, v.1.
N
(d) PhsP, I,, imidazols, @
36 THF 37 O 38 {»
(67%) (22%) CPh,
N,BF,

Br CPh,
() DMFA <
(40%) <CPh3

9. att. 1,1,1-Trifenilbutilfragmentu saturosa savienojuma 39 sintéze.

Tika konstatéts, ka sintezétais 1,1,1-trifenilpropil-3-jodids nereagé ar aromatiskajiem
aniliniem, kas saistams ar trifenilmetilgrupas raditiem stériskiem trauc€jumiem. Pagarinot

oglekla k&di, savienojuma butil- analogs 37 spgja alkileét anilinu. Tomér talak iegitais
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galaprodukts 39 uzradija neapmierino$u amorfas fazes veidoSanas sp&u un Skidibu
organiskajos $kidinatajos.

Turpmakajos pétijumos konstatgjam, ka molekularie stikli veiksmigi ieglistami,
hromoforu molekulas ievadot vél par vienu C atomu pagarinato 1,1,1-trifenilpentil- grupu.
Savienojumi iegati atbilstosi 10. att€lam, sakotnéji sintez&jot anilinu 41 un aldehidu 41b, un
sekojoSu azosametinasanas vai kondensacijas reakciju rezultatad iegiistot v&lamos

galaproduktus.

PhyC Ph,C

O (a) Mg, EL,0, (¢) PhsP, I, imidazols, THF \_\j L\ﬁ o
benzols / \ (d) 35, K,COs, acetons, v.t. N@ () POCl;, DMF N~©—/<

/_/_/ 41 /_/_/ 41b H

Ph,C Ph,C
3 (71%) 3 (78%)

b) THF l
Ph;C Ph,C
\—\_\ L\j —< >—CPh3
R
() RPh-N,BF,, AcONa, AcOH @ C/ @ C
41 42a R=NO, (61%) 42d

42b R=CPh, (89%) Phic (74%)
42¢ R=COOH (69%) 3

(g) 4, piperid., (h) 45
nBuOH piperid., nBuOH

Ph3C

Ph;C

41b
Ph;C

48 L\_\ (i)DMFA, piperid. (j) piperid., v.t. /_/_/
CN 0
0,
(22%) CPh; =(__on NS ::@ Ph,C (17%)
(0) HO

47 CN O 49

10. att. 1,1,1-Trifenilpentil- fragmentu saturoSu molekularo stiklu sintéze.

Lai labak izprastu savienojumu struktiru geometriskas uzbiives ietekmi uz NLO
ipaSibam, atbilsto$i 11. att€lam tika veikta vienadu hromoforu saturo$u dazadas morfologijas

dendriméru un molekularo savienojumu sintéze.
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J_f 51 N HO
PhsC (58%) o 8w CPhy
(D54
Ph ‘x‘
CPhs oo Ty 0H ) CPhy

(¢) DCC, DMAP, DCM o)
A\—O

o OHO TN

. ‘ . 0 L\j
C;O . O J%} CPh;
43%) O

N| 1 N

H NH
C CPh;

11. att. Molekulara savienojuma 51 un dendriméru 53, 55 sinteze.

Ph,

Plasi pielietota organisko fotonikas materialu klase ir parejas metalu kompleksi. Ka
gaismu emitéjoSas komponentes OLED sist€émas biezi tiek izmantoti fenilpiridina Ir(111)
kompleksu strukturali atvasinajumi. Ar mérki demonstrét misu izstradatas molekularo stiklu
iegiSanas metodes pielietojumu arT $ada tipa savienojumiem, atbilstosi 12. att€lam tika veikta
Ir(111) kompleksa 57 sintéze. No literatiira zinama starpprodukta 56 un diketona funkcionalo
fragmentu saturo$a cinnamoil-1,3-indandiona atvasinajuma 50 bazes klatbiitné tika iegits
veélamais produkts. Savienojums 57 raksturojams ar augstu $kidibu nepolaros $kidinatajos un

sp&ju veidot amorfu fazi. Dota tipa savienojumu plasaki petijumi tiks attistiti nakotné.

Ph,C

(a) 50, K,CO; 2-etoksietanols, v.t.

2 Ph;C (18%)

12. att. Ir(111) kompleksa 57 sintéze.
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2. Savienojumu gaismas absorbcijas TpasSibas

Sintezéto savienojumu UV-VIS absorbcijas maksimumu veértibas metilénhlorida
Skiduma apkopotas 1. tabula. Atkariba no hromoforu akceptora fragmenta speka un
konjugacijas tilta garuma maksimumu vilpa garumi ir robezas no 427 Iidz 598 nm, un ir

raksturojami ar vienu platu absorbcijas joslu spektra redzamaja dala.

1. tabula. Absorbcijas joslu maksimumu vilna garumu un ekstinkcijas koeficientu vértibas.

Savienojums | Amax, NM lge | Savienojums Amax, NM lge
2a 486 4,53 26¢ 514PMFA 4,60
2b 485 4,49 26d 484PMFA 4,58
2C 507 4,54 26e 4Q7PMFA 4,59
2d 506 4,52 32a 504 4,71
2e 433 4,50 32b 504 4,71
2f 431 4,52 42a 494 4,46
5a 485 4,85 42b 427 4,37
5b 485 4,85 42c 462 4,39
11 598 4,78 42d 502 4,47
16 502 4,55 44 492 4,78

23a 491 4,82 46 490 4,86
23b 469 4,78 48 591 4,91
23c 453 4,68 50 518 4,96
23d 490 4,81 51 455 4,40
24a 485 4,99 53 454 4,47
24b 471 4,95 95 455 4,47
26a 534PMFA 4,57 57 451 3,51
26b 534PMFA 4,57 -

Lai novértétu elektronu donoraja fragmenta ievadito trifenilaizvietotaju ietekmi uz
hromoforu gaismas absorbciju, salidzingjam  sintez&t0  benzilidén-1,3-indandiona
atvasinajumu un standartvielas DMABI UV-VIS absorbcijas liknes. (13. attéls). Starp
trifenilaizvietotajus saturoSajiem savienojumiem, ar trifenilmetoksi- un trifenilsililoksi-
grupam funkcionalizétas vielas 5a-b uzrada absorbcijas joslas hipsohromu nobidi. To var
skaidrot ar skabekla atoma induktiva efekta izsauktu nedaudz samazinato elektronu blivumu
uz slapekla. Nemot véra pie N atoma esoSo aizvietotaju lidzigos elektroniskos efektus, bija
sagaidams, ka savienojumu DMABI un 44 absorbcijas liknes parklasies. Tomér ir
novérojama ievérojama nobide. Tas liecina, ka apjomigas trifenilmetil grupas izraisa lokalu

vides polaritates mainu hromofora telpiska tuvuma un izsauc ta pozitivu solvatohromismu.
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13. att. Benzilidén-1,3-indandiona atvasinajumu gaismas absorbcija CH2Cl> skiduma.
3. Savienojumu termoplastiskas ipasibas

Amorfu fazi veidojoSu materialu termoplastisko 1pasibu izplatitaka raksturoSanas
metode ir diferenciali skengjosa kalorimetrija (DSC), kas lauj konstatét temperatiiras izmainu
rezultata notiekosas fazu parejas. No tam bitiska materialu praktiska pielietojuma izvértésanai
ir stikloSanas temperatiira (Tg), jo raksturo makroskopisku molekulu kustibas procesu
sakumpunktu. Nemot véra paredze€tos pielietojuma virzienus, lidz ar Ty sasniegSanu notiek
NLO efekta un holografiska ieraksta dzeSanas. legttas savienojumu Ty un sadaliSanas
temperattiru vertibas apkopotas 2. tabula.

Konstatgjam ieveérojamas materialu termoplastisko ipasibu atSkiribas atkariba no
izmantota trifenilaizvietotaja tipa. Veicam kvantu kimiskos aprékinus, kuru rezultata ieguvam
fenilgredzenu rotacijas potencialas energijas lIiknes trifenilmetoksi- un trifenilsililoksi-
fragmentiem (14. attgls) ®. Tas parada, ka trifenilsilil- grupas fenilgredzeni ir konformacionali
daudz kustigaki, kas saistams ar silicija atoma palielinato izméru un pagarinato C-Si saiti.
Savienojumu konformacionalas brivibas picaugums saistams ar molekularo stiklu stabilitates
paaugstind$anos un stiklo$anas temperatiiras kritumu’, un $ada likumsakariba novérota ari
misu sintez&to savienojumu gadijuma. Ka redzams 15. attéla dotaja materialu 5a-b amorfas
fazes DSC liknu salidzinajuma, trifenilmetoksi- grupu saturo$ais savienojums 5a sildiSanas
rezultata kristaliz€jas, kas liecina par amorfas fazes zemaku stabilitati. Lidzigs secinajums
izdarams ar1 salidzinot min€to materialu planu filmu mikroskopa att€lus péc ilgstosas

uzglabasanas, kur savienojuma 5a gadijuma nove€rojama kristalizacijas procesa sakSanas.

® Traskovskis, K., Mihailovs, 1., Tokmakovs, A., Jurgis, A., Kokars, V., Rutkis, M. Journal of Materials
Chemistry. 2012, 22, 11268-11276.
7 Naito, K., Miura, P. The Journal of Physical Chemistry. 1993, 97, 6240-6248.

18



Vienadus hromoforus  saturo$os

materialos  trifenilmetoksi-

uz trifenilsililoksi- grupu izsauc T vértibas krisanos 25-60° C robezas.

2. tabula. Materialu Tgun sadaliSanas temperatiiras.

grupas  nomaina

Savienojums | Tg,°C | Tsadal, °C Savienojums | Tg,°C | Tsadal, °C
2a 75 292 26¢C 101 248
2b 51 295 26d 103 245
2c -2 -2 26e 109 245
2d 53 315 32a -a -a
2e - 300 32b 65 240
2f 71 330 42a 73 320
5a 88 330 42b 89 355
5b 62 340 42c 107 240
11 108 253 42d 93 331
16 67 295 44 81 298

23a 98 242 46 96 290
23b 112 248 48 108 279
23c 108 238 50 83 252
23d 100 240 51 67 267
24a 113 241 53 b 295
24b 121 245 55 104 313
26a 110 250 57 127 294
26b 51 240 -

8Savienojums amorfo fazi neveido.

bSavienojums amorfo fazi veido, bet Ty signalu DSC termogramma neizdevas konstatgt.

@ AE (kCalmo) B 1
ekso
@ERQ r 1,5 lendo T —
70 80 90 100
1,0
0,5
60 65 70 75

-60,00 -40,00 -20,00 0,00 20,00 40,00 60,00 50 100

nobides lenkis (gradi)

Spontina

kristalizacija

M 5a
Kusana
\
E 5b

150

200 250 °C

14. att. Trifenilmetoksi un trifenilsililoksi fragmentu atskirigas ipasibas: kvantu kimiskie

aprékini (A), materialu DSC liknes (B) un paraugu optiska mikroskopa attéli (C).
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1,1,1-Trifenilalkil- modific€joSo aizvietotaju gadijuma blakus trifenilgrupai atrodas
sp* hibridizéts ogleklis, starp kura aizvietotajiem un fenilgrupam pastav spéciga steriska
mijiedarbiba. Tas rezultata fenilgredzenu rotacija ir ierobezota, un amorfas fazes veidoSanai
nepiecieSsamo savienojumu konformacionalo brivibas pakapi nodro$ina lokana hromoforu un
trifenilmetilgrupu saistosa alkilkéde. No ieglitajiem datiem secinams, ka molekularie stikli
iegiistami, ja C-C kéde sastav no vismaz 4 oglekla atomiem. 1,1,1-Ttrifenilbutilgrupas
gadijuma tika iegiits savienojums ar zemu amorfas fazes stabilitati un $kidibu, kamér

1,1,1-trifenilpentilgrupas ievadiSana Sos trikumus novérsa (15. attéls).

Tendo —-/_
ekso 75 85 95 spontana ku$ana O
l Te kristalizacija ©: \

30 Na

60 70 80 90

O
EAWa

©O

Te 422

42a

15. att. 1,1,1-Trifenilbutil- un 1,1,1-trifenilpentil- fragmentus saturo$u materialu amorfas
fazes DSC liknes.

S0 100 150 200 250°C

QY YD

Konstatéjam, ka savienojumu Ty vértiba pieaug, 1idz ar to molmasu. Novérota sakariba
uz anilina bazes sintezétajiem, trifenilmetoksi- un 1,1,1-trifenilpentil- fragmentus
saturoSajiem savienojumiem grafiski dota 16. atteéla. Redzams, ka straujs Tg pieaugums
noverojams savienojumu molmasu 800-1300 (g/mol) apgabala, kamér talaka molekulu masas
palielinaSana Ty vertibu vairs biitiski nepalielina, un ta stabiliz&jas 120° C robezas. Atseviski
savienojumi uzrada savai relativi nelielajai molmasai netipiski augstu Tgy (skat. 42c un 48),
kas skaidrojams ar dotajam struktiram specifisku starpmolekularu agregatu veidosanos

cietaja faze®.

8 Traskovskis, K., Lazdovica, K., Tokmakovs, A., Kokars, V., Rutkis, M. Dyes and Pigments. 2013, 99, 1044-
1050.
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16. att. Trifenilmetoksi- un 1,1,1-trifenilpentil- grupas saturo$o molekularo stiklu molmasu un

Tg vertibu sakariba
4. Savienojumu NLO ipasibas

Veicam savienojumu NLO 1pasibu raksturoSanu, ar kvantu kimiskajiem aprékiniem
(Gaussian 09W programmatiiras pakete) prognozg€jot molekulu hiperpolarizéjamibu (B) un
dipola momentu (u), ka ari eksperimentali nosakot nelineari optiskos koeficentus (dss)
elektriskaja lauka orientétas materialu planas kartinas (Maker fringe metodika)®®. Materialu
paraugi tika pagatavoti ar rotacijas parklaSanas palidzibu no koncentrétiem hloroforma
Skidumiem. NLO efekta termisko noturibu raksturojam ar parametru Tshiso, kas atbilst
temperatiirai, pie kuras sakotn&ja otras harmonikas generacijas intensitate ir kritusies par pusi.
Mingétie parametri apkopoti 3. tabula.

Veicam materialu aprékinato molekularo parametru un to eksperimentali noteiktas
makroskopiskas NLO efektivitates korelaciju (17. att€ls). Vairumam materialu novérojama
lineara sakariba starp molekulu raksturojoSo parametru Bu (hiperpolariz€jamibas un dipola
momenta reizinajums) un nelingari optisko koeficentu dss. Sads novérojums sakrit ar teoriju,
kas paredz, ka materiala NLO efektivitate ir proporcionala lielumam § un hromoforu polaro
kartibu raksturojo$ajam parametram cos®0, kas, savukart, ir proporcionals lielums molekulu
dipola momentam?®. Grafika ar iekrasotajiem punktiem atziméti savienojumi, kas mingtajai
korelacijai neseko. Pazeminata dssz veértiba (17. attéls, sarkana krasa) konstatSta
savienojumiem, kuros hromoforiem ir nepietickama telpiska izolacija vai paaugstinats dipola

moments. Minétie parametri kaveé orient€Sanas procesu un Samazina sasniedzamo materiala
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esoSo hromoforu polaro kartibu. Paaugstinats rezultats sasniegts benzilidén-1,3-indandiona
atvasingjumu 5b un 44 gadijuma, un saistams ar struktiiru specifisku, polari sakartotu

molekulu pakosanos cietaja faze.

3. tabula. Savienojumu molekularie parametri un NLO raksturlielumi.

Savienojums | B), 10 | u, D?* | dsz©), | TsHiso,

esu? pm-V! °C
2b 56,9 9,5 10,7 52
2d 64,7 9,4 13,9 53
2e 13,5 2,6 2,6 84
2f 6,0 2,1 3,1 56
ba 39,9 2,8 2,6 85
5b 41,4 3,1 9,6 56
11 63,9 3,3 51 76
26a 55,6 9,7 2,6 74
26¢C 47,4 1,7 4,3 101
26d 51,4 9,9 4,3 90
26a 89,6 15,9 2,8 99
26b 215 6,8 4,3 50
42a 40,3 9,8 11,0 66
42b 20,1 2,6 3,0 73
42d 32,7 2,8 1,9 92
44 31,0 4,0 12,1 74
46 27,7 3,1 6,2 75
48 60,1 18,3 57 86

8Vertibas iegiitas, izmantojot kvantu kimiskos aprékinus.

dmg), [,'iE[l"-'1
20

18

16

46
6 * +48
4 |2 *26b ¢ 23c +23d
*5a ®23a *24a
2 {2,
42b 5(0)!‘
0 . , . . . . . 104
0 200 400 600 S00 1000 1200 1400 1600 esu

17. att. Materialu molekularo parametru un makroskopiskas NLO efektivitates korelacija.
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Salidzinot vienadus hromoforus saturo$a molekulara savienojuma 51 un dendriméra
tipa materialu 53, 55 NLO efektivitati, konstatéjam, ka augstaka efektivitate sasniedzama
savienojuma 51 gadijuma (18. attéls). Tas skaidrojams ar augstaku hromoforu polaro kartibu
minéta savienojuma orient€tos paraugos. Sintez€tajos dendrimé€ros orient€Sanas procesa
efektivitati ierobezo molekulu geometrija, jo hromoforu savstarp&jo novietojumu molekula

nosaka tetraedriskais centralais sp® hibridizétais oglekla atoms.

Savienojums | da3w), | Tsriso,

-
pmV. | °C 0»‘@'"&{:>ﬂ/—/_/

51 5.1 59 =
53 2.0 72 "“-“/—ﬂ
55 35 85 "

g /j‘\,
Q 3 .\:_N S 58 j\( (

o
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™y Ph,C \‘\l\(mﬁ

18.att. Molekulara savienojuma 51 un dendriméra tipa materialu 53, 55 NLO parametri.

N,
0 N

NLO efekta termiska noturiba ir atkariga no Tg vértibas, jo lidz ar molekulu
makroskopisko kustibas procesu saksanos notick hromoforu polaras kartibas dzesanas. Sadu
likumsakaribu novérojam sintezEtajiem materialiem, kur Tg pieaugums izsauc TsHiso
palielinasanos. Tomér NLO efekta dz€Sanas vairumam savienojumu notiek pie zemakam
temperatiram ka noteikta Tq. Tas skaidrojams ar salidzinamo amorfo fazu termodinamisko
vesturi, jo Ty tika mérita kaus€jumiem, kamér TsHiso no strauji iztvaicéta Skiduma iegiitam
stiklam, kas neizsledz $kidinataja molekulu klatbaitni cietaja fazé. NLO aktivitates
saglabasanas materialu uzglabaSanas laika atkariga no Ty veértibas. Ka uzskatami redzams
19. attela, paraugi ar Tq vertibu virs 100° C, istabas temperatira savu efektivitati gandriz
pilniba saglaba, kamér savienojums 26b, kam Ty ir salidzinosi tuva istabas temperatarai, NLO

efektivitati strauji zaudg.
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19. att. Istabas temperatiira uzglabatu paraugu NLO efektivitates izmaina.
5. Savienojumu holografiska ieraksta ipasibas

Veicam holografiska ieraksta eksperimentus sintez€to azohromoforus saturosu

materialu planas kartinas®™.

leraksta efektivitate tika raksturota ar parametru SDE
(pasdifrakcijas efektivitate), kas ir ieraksto$a starojuma pirmas kartas difragéta stara jaudas un
krito$a starojuma jaudas attieciba. Ka papildus raksturojosais lielums tika ieviests parametrs
REF (ieraksta efektivitates faktors), kas ir SDE un ieraksta specifiskas energijas attieciba.
Materialiem ar augstaku jutibu uz ierakstoSo starojumu sagaidama augstaka REF vértiba.
Eksperimentali iegutie ierakstu raksturojoSie parametri ir apkopoti 4. tabula, savukart

atseviSskos materialos veiktais holografiskais ieraksts redzams 20. attela.

20. att. Paraugos 26a, 26¢ un 32b veiktais holografiskais ieraksts.

Mgginot saistit savienojumu strukturalas un holografiska ieraksta ipasibas, secinajam,
ka ieraksta raksturlielumi ir atkarigi no izmantota hromofora polaritates. Kamér SDE
parametra sistematiska variacija atkariba no izmantoto hromoforu molekularajiem
parametriem nav novérojama, polaraku hromoforu gadijuma ievérojami picaug maksimalas

leraksta efektivitates sasniegSanai nepiecieSamais laika periods. Tas Saistams ar apgritinato

® Ozols, A., Kokars, V., Augustovs, P., Traskovskis, K., Maleckis, A., Mezinskis, G., Pludons, A., Saharov, D.
Optical Materials. 2010, 32, 811-817.

10 0Ozols, A., Kokars, V., Augustovs, P., Uiska, 1., Traskovskis, K., Mezinskis, G., Pludons, A., Saharov, D.
Lithuanian Journal of Physics. 2010, 50, 17-25.
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masas parnesi ieraksta laika, ko izsauc molekulu dipola-dipola sadarbiba. Tas dg] tiek kavéta
fotoinducéta cis-trans izomerizacija un spiediena gradientu izsaukta molekulu kustiba.
Samazinatais ieraksta laiks ievérojami paaugstina mazpolaro savienojumu (42b, 42c un 51)
REF parametru, Iidz ar to tiesSi Sie savienojumi jauzskata par perspektivakajiem praktiskajam

pielietojumam.

4. tabula. Holografisko ierakstu raksturojosie parametri.

Savienojums | SDE, REF, tmax, Aier.,nM
% (Yocm)?/kJ min? | (polarizacija)
2d 31,0 195 60 633 (p)
23b 0,02 6-10° 80 532 (p)
26a 15,4 136 22 633 (p)
26b 0,8 0,3 24 633 (p)
26¢ 54 16,0 24 633 (p)
26d 8,4 18,7 48 633 (p)
26e 0,4 0,1 24 532 (p)
32b 8,9 257,5 4 633 (p)
42a 6,4 28,5 34 633 (p)
42b 20,0 1129 15 533 (p)
42¢ 2,2 524 1 533 (p)
42d 0,1 0,01 36 633 (p)
51 15,6 3088 4 533 (p)

4 Maksimalas ieraksta efektivitates sasniegSanas laiks.
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21. att. Atsevisku savienojumu holografiska ieraksts dinamika. leraksta efektivitate fikseta,

mérot ieraksto$a caurejosa starojuma 1. kartas difragéta stara intensitati.
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Atsevisku savienojumu ieraksta dinamika dota 21. atte€la. Process raksturojams ar
diviem etapiem, strauju lausanas koeficenta rezga rasanos materiala tilpuma (B) un sekojosu

makroskopisku masas parneses procesu- virsmas reljefa rezga (SRG) veidosanos (A).
GALVENIE SECINAJUMI

1. Trifenilmetoksi-, trifenilsililoksi- un 1,1,1-trifenilpentil- aizvietotaju ievadiSana polaru
hromoforu molekulas lauj iegiit amorfu fazi veidojosus, fotonikas materialiem
izmantojamus molekularos savienojumus.

2. Trifenilsililoksi- aizvietotajus saturoSic materiali uzrada augstaku amorfas fazes
stabilitati ka trifenilmetoksi- grupu saturoSie, kas skaidrojams ar pagarinatas C-Si
saites d&l palielinato fenilgrupu rotacijas brivibu. ST pasa iemesla dgl trifenilmetoksi-
grupas nomaina uz trifenilsililoksi- grupu izsauc materialu T4 vértibas kriSanos par 20-
60° C.

3. Trifenilmetoksi- aizvietotajus saturo$o savienojumu amorfas fazes stabilitate
paaugstinama, palielinot trifenilmetoksi- grupu skaitu vai sazarojot to struktiiru.

4. 1,1,1-Trifenilalkil- modificgjoSo grupu gadijuma materialu amorfas fazes veidosanas
speja ir atkariga no hromoforu un trifenilmetilgrupu saisto$a lokana C-C tiltina
garuma, jo trifenilmetil- grupai blakusesosais sp® hibridizétais C atoms ierobezo
fenilgredzenu rotacijas brivibu. Amorfas fazes veidoSanai nepieciesama C-C tiltina
minimalais garums ir ¢etri oglekla atomi.

5. Trifenilmetoksi- un 1,1,1-trifenilpentil- aizvietotajus saturoSo amorfo materialu
gadijuma Ty vertiba pieaug Iidz ar savienojumu molmasu 800-1500 g/mol apgabala,
bet talak stabiliz€jas pie 120° C atzimes. Tas liecina, ka §is ir maksimali
sasniedzamais Tg lielums darba apskatitajai materialu klasei.

6. Vairumam sintez&t0 savienojumu novérojama lineara pozitiva korelacija starp
materialu NLO makroskopisko efektivitati un molekulu raksturojoSo parametru Bp
(hiperpolarizéjamibas un dipola momenta reizinajumu). Atseviski savienojumi uzrada
dotajai  korelacijai neatbilsto§i zemu NLO efektivitati, kas skaidrojams ar to
nepietickamas telpiskas izolacijas vai molekulas paaugstinata dipola momenta
izsauktu cietas fazes agregatu veidosanos.

7. Sintez€tajos azohromoforus saturoSajos materialos holografiska ieraksta atrums
atkarigs no hromoforu polaritates, un ir daudz straujaks mazpolaru hromoforu

gadfjuma.
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INTRODUCTION

A wide variety of possible structural modifications for organic compounds allows
obtaining materials with specific properties and high performance parameters. The use of
organic photonic materials has notably increased in the last decade, particularly for the
applications in OLEDs!, holographic recording?, non-linear optics® and solar energy cells®.
A commonly used material class for these applications is polymeric compounds, where a
photoactive component is covalently bound to or mixed in high molar weight molecules.
Compared to polymers, molecular glasses have numerous advantages as an easier
purification, characterization and in batch-to-batch reproducible synthesis without molecular
weight fluctuations®. Nevertheless, the practical use of molecular glasses is limited because
the material class is poorly understood and the synthesis of known structures is mostly based

on the trial and error method.
Research objective and tasks

The objective of the thesis was development of a new structural design for synthesis of
molecular glasses that would be based on the introduction of triphenylmethyl or triphenylsilyl
groups in photoactive molecules. Such a modular approach would predictably allow obtaining
amorphous phase forming low-molecular weight compounds. To demonstrate the practical
applications for the obtained materials, non-linear optical (NLO) and holographic recording

experiments were planned.
According to the objective the following tasks were set:

1) To synthesize “electron donor-m bridge-electron acceptor” (D-m-A) type
triphenylmethyl or triphenylsilyl substituents containing molecular glasses suitable for NLO
and holographic recording experiments.

2) To identify the relations between compounds UV-VIS absorption, thermoplastic,

NLO and holographic recording properties and their structure.

! Walzer, K., Minnig, B., Pfeiffer, M., Leo, K. Chemical Reviews. 2007 107, 1233-1271.
2 Natansohn, A., Rochon, P. Chemical Reviews. 2002, 102, 4139-4175.

3 Dalton, L. R., Sullivan, P. A., Bale, D. H. Chemical Reviews. 2010, 110, 25-55.

4 Giines, S., Neugebauer, H., Sariciftci, N.S. Chemical Reviews. 2007, 107, 1324-1338.

5 Strohriegl, P., Grazulevicus, J. V. Advanced Materials. 2002, 14, 1439-1452.
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Scientific novelty and main results

A new structural design for molecular glass synthesis has been developed and is
applicable for structurally different polar chromophores. The properties of materials have
been analyzed. The practical applications of acquired materials are demonstrated by

successful NLO and holographic recording experiments.
The structure of doctoral thesis

The doctoral thesis consists of three chapters: literature review, discussion and
experimental part. The literature review summarizes theoretical aspects of nonlinear optics
and holographic recordings focusing on the use of organic materials. The literature regarding
molecular glass type materials is also reviewed. Discussion part consists of describing the
compound synthesis, light absorption and thermoplastic properties. Taking compound
structures into the consideration, NLO and holographic recording properties of materials are
discussed. Experimental part describes synthetic procedures and methodology of physical
measurements. The thesis is written in Latvian on 153 pages, contains 76 figures, 8 tables.
11 Supplements are given; 149 literature references are cited.

Approbation and publications

The research results summarized in the thesis are published in 11 publications.

All articles are indexed in bibliographic database SCOPUS. Publication list:

1. Traskovskis, K., Lazdovica, K., Tokmakovs, A., Kokars, V., Rutkis, M. Modular
approach to obtaining organic glasses from low-molecular weight dyes using 1,1,1-
triphenylpentane auxiliary groups: Nonlinear optical properties. Dyes and Pigments.
2013, 99(3), 1044-1050.

2. Ozols, A., Augustovs, P., Kokars, V., Traskovskis, K., Saharov, D. Effect of
holographic grating period on its relaxation in a molecular glassy film. IOP
Conference Series: Materials Science and Engineering. 2013, 49(1), art. no. 012043.

3. Traskovskis, K., Mihailovs, I., Tokmakovs, A., Jurgis, A., Kokars, V., Rutkis, M.
Triphenyl moieties as building blocks for obtaining molecular glasses with nonlinear
optical activity. Journal of Materials Chemistry. 2012, 22, 11268-11276.
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10.

11.

Ozols, A., Kokars, V., Augustovs, P., Traskovskis, K., Saharov, D. Holographic
studies of photoinduced anisotropy in molecular glassy films containing
diphenylamine azochromophores. I0P Conference Series: Materials Science and
Engineering. 2012, 38(1), art. no. 012011.

Tokmakovs, A., Rutkis, M., Traskovskis, K., Zarins, E., Laipniece, L., Kokars, V.,
Kampars, V. Nonlinear optical properties of low molecular organic glasses formed by
triphenyl modified chromophores. IOP Conference Series: Materials Science and
Engineering. 2012, 38(1), art. no. 012034.

Traskovskis, K., Mihailovs, I., Tokmakovs, A., Kokars, V., Rutkis, M. An improved
molecular design of obtaining NLO active molecular glasses using triphenyl moieties
as amorphous phase formation enhancers. Proceedings of SPIE - The International
Society for Optical Engineering. 2012, 8434, art. no. 84341P.

Ozols, A., Kokars, V., Augustovs, P., Uiska, I., Traskovskis, K., Saharov, D. Effect of
light polarization on holographic recording in glassy azocompounds and
chalcogenides. Central European Journal of Physics. 2011, 9(2), 547-552.
Traskovskis, K., Mihailovs, I., Tokmakovs, A., Kokars, V., Kampars, V., Rutkis, M.
Synthesis and nonlinear optical properties of novel N,N-dihydroxyethyl based
molecular organic glasses using triaryl substitutes as amorphous phase formation
enhancers. Proceedings of SPIE - The International Society for Optical Engineering.
2011, 8113, art. no. 81130Z.

Traskovskis, K., Kokars, V., Ozols, A., Augustovs, P. Synthesis and properties of new
glassy molecular and oligomer azocompounds suitable for holographic recordings.
Advanced Materials Research. 2011, 222, 267-270.

Ozols, A., Kokars, V., Augustovs, P., Uiska, I., Traskovskis, K., Mezinskis, G.,
Pludons, A., Saharov, D. Polarization dependence of holographic recording in glassy
azocompounds. Lithuanian Journal of Physics. 2010, 50(1), 17-25.

Ozols, A., Kokars, V., Augustovs, P., Traskovskis, K., Maleckis, A., Mezinskis, G.,
Pludons, A., Saharov, D. Green and red laser holographic recording in different glassy
azocompounds. Optical Materials. 2010, 32(8), 811-817.
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The results have also been presented in 7 international scientific conferences:

. Traskovskis, K., Tokmakovs, A., Kokars, V., Rutkis, M. Dendrimeric and Molecular

Approach Designing Triphenyl Groups Containing Organic Glass NLO Materials. 9th
International Conference on Organic Electronics ICOE, France, Grenoble, June 18-20,
2013.

. Traskovskis, K., Tokmakovs, A., Kokars, V., Rutkis, M. Triphenylpentane
Substituents Containing Molecular Glasses with Nonlinear Optical Activity.
International Conference Functional Materials and Nanotechnologies 2013 (FM&NT
2013). Estonia, Tartu, April 21-24, 2013.

. Traskovskis, K., Kokars, V., Tokmakovs, A., Mihailovs, I., Rutkis, M. Use of

Modular Approach to Obtain Molecular Glasses for Photonics: Triphenyl Moieties.
Riga Technical University 53rd International Scientific. Latvia, Riga, October 11-12,
2012,

. Traskovskis K., Mihailovs 1., Tokmakovs A., Kokars V., Rutkis M. An improved
molecular design of obtaining NLO active molecular glasses using triphenyl moieties
as amorphous phase formation enhancers. SPIE Photonics Europe. 2012, Brussels,
Belgium, April 16-19, 2012.

. Traskovskis K., Mihailovs I., Tokmakovs A., Kokars V., Kampars V., Rutkis M.
Synthesis and Nonlinear Optical Properties of Novel N,N-Dihydroxyethyl Based
Molecular Organic Glasses Using Triaryl Substitutes as Amorphous Phase Formation
Enhancers. SPIE Optics+Photonics 2011, Photonic Devices + Applications. USA, San
Diego, California, August 21-25, 2011.

. Traskovskis, K., Mihailovs, |., Tokmakovs, A., Kokars, V., Rutkis, M. Small

Molecular Azobenzene and Indanedione Based Chromophores as Potential Non
Linear Optics Materials. International Conference Functional Materials and
Nanotechnologies 2011 (FM&NT). Latvia, Riga, April 5-8, 2011.

. Traskovskis, K., Kokars, V., Augustovs, P., Ozols, A. Synthesis and Properties of
New Glassy Molecular and Oligomers Azocompounds Suitable for Holographic
Recordings. The 9th International Conference on Global Research and Education.
Latvia, Riga, August 9-12, 2010.
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MAIN RESULTS
1. Synthesis of Molecular Glasses

During our investigations we discovered that the functionalization of chromophores
with triphenylmehyl groups allows obtaining amorphous phase forming compounds. Based on
this finding we set an objective to investigate, is the mentioned structural design suitable for
production of photonics materials. According to the general structural scheme (Figure 1) we
synthesized the series of compounds where chromophore and triphenyl moiety structures

were modified. The D-n-A chromophores were chosen based on suitability for NLO and

holographic recording experiments.

(SOLID PHASE Y)

PROPERTIES
MODIFYING -
GROUPS

CI—]ROMOPHORE\

Electron
acceptor

N

N

.

Electron
donor

o0 o0 T T

Figure 1. The demonstrated structural approach to molecular glass synthesis.

1.1. Synthesis of Triphenylmethoxy- and Triphenylsilyloxy- Fragments Containing

Compounds

Azochromophore containing molecular glasses 2a-f can be obtained in two-step
synthesis (Figure 2) by carrying azocoupling reaction between aniline 1 and acceptor
substituents containing diazonium salts and sequent alkylation of the free hydroxyl groups

with triphenylmethyl chloride or triphenylsilyl chloride.
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N,BF,
S 2a R=NO, R;=H X=C (68%)

(@) AcONH,, DMF, 0° C 2b R=NO, R;=H X=Si (52%)
HO -~ ~_OH 2¢ R=NO, R =Br X=C (52%)

I ¢ |
N 2d R=NO, R,=Br X=Si (47%)
(b) PhyCCL, EtN, Py, 60° C j \©\ 2e R=CPh, R,=CI X=C (49%)
or X’O

N 2f R=CPh; R,=CI X=Si (43%)

1 (c) PhySiCL, EGN, Py, r.t. ©/ @ Nj@
R; R

Figure 2. Synthesis of azochromophores containing molecular glasses 2a-f.

Because of high hyperpolarizability () and low dipole moment values the
indanedione acceptor fragment containing chromophores are perspective for NLO
applications. The synthesis of benzylidene-1,3-indanediones 5a,b can be realized by
Knoevenagel condensation between 1,3-indanedione 4 and aldehyde 3 followed by
introduction of triphenyl substituents (Figure 3).

? : X. X :
HO\/\N/\/OH (a) EtOH, piperidine
4
o

5a X=C (57%)
5b X=Si (49%)

(b) Ph;CCl, Et;N, Py, 60° C
or
(c) Ph3SiCl, EGN, Py, r.t.

Figure 3. Synthesis of benzylidene-1,3-indanediones 5a,b.

The B value of chromophores can be increased by lengthening their conjugation chain.
With such a purpose we synthesized polyene 11 (Figure 4). As the base compound, in 2-
position 2-hydroxyethoxy substituent containing isophorone 7, was used. After the
condensation with aldehyde 3 and tritylation of free hydroxyl groups, intermediate product 8
was obtained. The carbonyl group of compound 8 has low reactability due to sterical
hindrance. Because of this the chain length of polyene was increased by addition of
acetonitrile fragment to carbonyl group, sequent dehydratation of tertiary alcohol, reduction
of cyano group to imine and following hydrolysis to aldehyde. The condensation of aldehyde
10 with 1,3-indanedione gave the desired product 11.
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(a) H,0,, NaOH, MeOH @ (¢) 3, EtONa, EtOH, 60°C

0
I | 5 > >
67i)\(b) Na, HOCH,CH,O0H O~OH (d) PhyCCl, EN, Py, 70°C
7
(57%)

NC 0

(e) CH;CN, nBuLi, THF, -78°C
(f) AcOH, 60°C

O\/\OCPh3 (g) DIBAL-H, toluene, -78°C H
(h) H,0, SiO,

(47%)

10

~_OCPh,
N (43%)

N~ OCPh;
OCPh,
PhyC-O OCPh,
(i) 4, piperid., CHCl, N Q \
10
Phy,C-0 |,

d
or% o/
Ph,C

Figure 4. Synthesis of polyene 11.

We also carried the synthesis of lengthened conjugation chain, stilbene-azobenzene
type chromophore 16 (Figure 5). Stilbene 13 was obtained by carrying condensation reaction
between aldehyde 3 and 4-nitrobenzylcyanide 12. The nitro group was then reduced to amine
in the presence of Raney nickel. The final product was obtained in Mills reaction between

aniline 14 and nitroso compound 15 and sequent introduction of triphenylsilyl group.

CN ACO\/\N/\/OAC ACOV\N/\/OAC
(@ iPrOH, piperid.,
3 N NO, NN (b) Hy, Re-Ni, THF ' CN
(55% (59%
NO
Br Ph3SIO

(c) 15 AcOH, 70° C
14 NO, \ N
(d) KOH, MeOH

(e) Ph;SiCl, Et;N, Py, r.t. Ph3SlO
’ ’ (40% Br

Figure 5. Synthesis of stilbene-azobenzene type chromophore 16.

35



In organic compounds the ability to form amorphous phase can be improved by
branching the geometric structure of molecules. According to Figure 6, two or three
azochromophores containing compounds 23a-d or 24a,b were obtained. These materials have

increased active chromophore weight content and reduced number of triphenyl substituents.

N,BF,
O,N
PhyCO_~ ~_OCPh;  (a) s NMP, r.t.

0
o, §
O
COOH HOOCON
17 19
0

(75%)

N ~_OH HOV\N/\/OH

(b) © DCC, DCM 19 (c) @ DCC, DCM
20 1 OCPh,4
OCPh; ‘\
—

N O/N\/\OCP}M OCPh,
/- N ’

Ph,CO Q N H

Nen OCPh,

N o
- N NO, \L
~_O
(60%) _\NQ 22 N
— (73%) O NO,
ol
o}
(d) RPh-N,BF,, NMP ‘ (d) RPh-N,BF,, NMP
Ph;CO Ph;CO Ph;CO
N 2 O,N
2 N
\_oceh, NQN o _oceh,
oo |
o]
\ N-N Ph,CO g N-N
O o, ey
v N N NO
X-N \_\ p X‘N" 2
23a (41%) O IR
23b (39%) 24a (70 f) o)
23¢ (57%) 24b (46%)
23d (42%)
Br NO,
I
NO, CPh; CPh; NO,
(@) (b) (c) (d)

Figure 6. Synthesis of branched molecular glasses 23a-d and 24 a,b.
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According to our knowledge, double functionalized diphenylamine core containing
azobenzenes are not studied and characterized. Amorphous phase forming materials with such
a structure can be obtained according to Figure 7 by alkylation of diphenylamine with
2-chloroethanol, azocoupling reaction and introduction of triphenyl substituents. Azocoupling
reactions of diphenylamine can be characterized by fast reaction in one benzene ring, while
double functionalization reaction is much slower due to reduced electron density on nitrogen.
A full functionalization was not achieved even in a large excess of diazonium salt and the
final product was obtained by chromatographic resolution of bis and mono azocoupling
products.

OXPh,
(a) CICH,CH,OH, 130°C

H
©/N\© (b) RPh-N,BF,, NMP : N :
25 (c) TrCl, E3N, Py, 60° C R, N N R,
or N
(d) Ph;SiCl, E;N, Py, r.t.
R

26a R,=Br R,=NO, X=C (26%) 26b R,=Br R,=NO, X=Si (28%)
26¢ R,=H R,=NO, X=C (28%) 26d R,=H R,=CN X=C (18%)
26e R, =Cl Ry=CPh; X=C (22%)

Figure 7. Synthesis of bis-functionalized diphenylamines 26a-e.

A synthesis of non-symmetrical diphenylamine based compounds 32a-b was carried
(Figure 8). One diphenylamine ring was functionalized with stilbene-azobenzene 16 analogue
while other with azobenzene type chromophore. Stilbene-azobenzene system was synthesized
by two different approaches utilizing Mills reaction between aniline 29 and nitroso compound
15 or using condensation reaction between active methylene group containing azobenene 30
and aldehyde 28. Much higher yield of the desired product 31 was achieved following the first
approach. The following azocoupling reaction proceeds in lightly acidic conditions- acetic

acid and acetonitrile solvent system.
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OH OAc

R (a) Ac,0, b.t.
N (b) POCI;, DMFA, 60°C
sme m@Y

(71%)
Br AcO
Ny o ?
N ) N
NH2
29 30 NC
(c) 28, Py (d) 15, AcOH,

(5%) 60°C
Q s
M .
N
NC N

AcO
OR
N,BF,
Br ')
(e) MeCN, AcOH N
NO, Br N
31 N
(f) KOH, THF, MeOH
(g) TrCl, Et;N, Py, 60° C O,N 32a R=CPh; (47%) N

or 32b R=SiPh; (45%) N

(h) PhySiCl, EtN, Py, r.t. j@\
Br NO

Figure 8. Synthesis of nonsymmetrical diphenylamine derivatives 32a,b.
1.2. Synthesis of 1,1,1-Triphenylalkyl Fragments Containing Compounds

One of limiting factors for the practical use of triphenylmethoxy fragments containing
compounds is their low chemical stability in acidic conditions. This property not only limits
technological applications but also reduces the variety of synthetic approaches during the
production of materials. To overcome this problem we set an objective to acquire amorphous
phase forming materials where chromophore and triphenyl methyl moiety would be
connected by chemically stable C-C bridge. Structural investigations were started according
Figure 9.

We found that 1,1,1-triphenylpropyl-1-iodide does not react with aromatic amines
what can be attributed to a sterical hindrance of triphenylmethyl group. After lengthening
carbon chain, the acquired butyl analogue 37 was able to alkylate aniline. Unfortunately, in
the further reactions obtained product 39 did not form stable amorphous phase and showed

low solubility in organic solvents.
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33
74%)
CPh,
(b) SOCI, b.t. I (e)35,K,CO4
O COOH (c) LiAlH, THF O acetone, b.t.
N
(d) PhsP, I,, imidazole, @
ST N 5,

(67%) (22%) CPh;

N,BF,

Br CPh,
() DMFA <

O
38 NO, OZN@N'
39
CPh,

(40%)

H
N
(a)PhsP, I, ©/25\©
OH  imidazole, THF

Figure 9. Synthesis of 1,1,1-trifenylbutyl fragment containing compound 39.

Ph,C

Ph,C
(¢) Ph;P, I,, imidazole, THF \_\_\ \_\_\
O (2) Mg, Et,0, @ 32 N (e) POCl;, DMF N < > /<O
7\

benzene (d) 35, K,CO;3, acetone, b.t.
ase e 0
b)THF  \= " o

O 40 PhyC PhyC

(71%) (78%)

Ph,C Ph,C

\_\ﬁ \_\ﬁ @Cph3
N )R . N )N
(f) RPh-N,BF,, AcONa, AcOH NQN’ vai @
_— /_/_/ 42a R=NO, (61%) 42d

42b R=CPh, (89%) (74%)
PhyC 42¢ R=COOH (69%)

(6]
(g) 4, piperid., (h) 45

nBuOH piperid., nBuOH

41

CPh,
41b

CPh,

NC N N ﬁ/_/
(6] AN N
8 \—\_\ (i)DMF, piperid. (j) piperid., b.t.
CN
(22%) CPh, %:g\(CN _0 Ph;C
=
(0) HO ;3

47 CN O 49

Figure 10. Synthesis of 1,1,1-trifenylpentyl fragment containing molecular glasses.
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During the further research we found that molecular glasses can be successfully
obtained by the use of 1,1,1-triphenylpentane functional fragment. The synthesis was carried
according to Figure 10. The products were obtained from aniline 41 and aldehyde 41b
utilizing azocoupling and condensation reactions.

To better understand the impact of molecular geometry on materials NLO properties,
the synthesis of morphologically different molecular and dendrimeric compounds bearing the
same active chromophore were synthesized (Figure 11).

Ph;C
\_\_\NON//N@COOH
42c

Ph;C

QQ OO /_/_/CPh3
40 O) “OH co52 N
CPh,

o OH OH O@N¢N N
O@N . h/# (a) DCC, DMAP, DCM| (b) DCC, DMAP, DCM IO
N

) N 0 53
51 @ HO
Ph3cJ—f L% 8w CPhs
z 54
b oo T 0y 0H a CPhy

(c) DCC, DMAP, DCM 0
A\—O

s
o T A Ve S
CﬁL s O J%} CPh;
43%) O g

N| 1

H N\
C CPhy

Figure 11. Synthesis of molecular compound 51 and dendrimers 53 and 55.

Ph,

A widely applied class of organic photonic materials is transition metal complexes.
Different phenylpyridine Ir(111) complexes and their structural derivatives are used as emitting
components in OLEDs. With an aim to demonstrate that our presented structural design for
molecular glass synthesis is applicable in the case of such compounds, we carried the
synthesis of Ir(Ill) complex 57 (Figure 12). The product was obtained from a known
intermediate 56 and cinnamoyl-1,3-indanedione derivative 50 in the presence of a base.
Compound 57 forms amorphous phase and has high solubility in non-polar organic solvents.
Based on this, further in-depth research of given compound type materials are planned
in the future.
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Figure 12. Synthesis of Ir(111) complex 57.
2. Light Absorption Properties of Compounds

UV-VIS absorption maxima values for synthesized compounds in dichloromethane
solutions are given in Table 1. The maxima values are in the range of 427-598 nm depending

on the used electron acceptor fragments and conjugation chain length.

Table 1. Light absorption maxima and corresponding extinction coefficient values.

Compound Amax, NM lge Compound Amax, NM lge
2a 486 4.53 26¢ 514PvF 4.60
2b 485 4.49 26d 484PVF 4.58
2C 507 4.54 26e 497PMF 4.59
2d 506 4.52 32a 504 4.71
2e 433 4.50 32b 504 4.71
2f 431 4.52 42a 494 4.46
5a 485 4.85 42b 427 4.37
5b 485 4.85 42¢ 462 4.39
11 598 4.78 42d 502 4.47
16 502 4.55 44 492 4.78

23a 491 4.82 46 490 4.86
23b 469 4.78 48 591 491
23c 453 4.68 50 518 4.96
23d 490 4.81 51 455 4.40
24a 485 4.99 53 454 4.47
24b 471 4.95 55 455 4.47
26a 534PMF 4.57 57 451 3.51
26b 534PMvF 4.57 -
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To evaluate the effect of used triphenyl modifying groups on the light absorption
properties of compounds, we compared the absorption bands for standard compound DMABI
and its modified benzylidene-1,3-indanedione derivatives (Figure 13). Between triphenyl
functionalized materials, compounds 5a,b show hypsochromic shift. That can be explained by
the presence of an electronegative oxygen atom in the N-(2-hydroxyethyl) substituents and
the resulting reduced electron density on nitrogen atom. Compounds DMABI and 44 have N
substituents with similar electronic effects, so it was expected that absorption bands for given
materials would overlay. The fact that notable shift between absorption bands is observed
allows to assume that the presence of triphenyl substituent changes the local polarity near
chromophore resulting in solvatochromic shift.
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Figure 13. Absorption band of different benzylidene-1,3-indanedione derivatives
in DCM solution.

3. Thermoplastic Properties of Compounds

Differential scanning calorimetry (DSC) allows obtaining phase transition
temperatures for solid substances and is one of main procedures used in characterization of
amorphous materials. Glass transition temperature (Tg) is an important property of glassy
materials, because upon reaching it, macroscopic solid phase mass transport starts. Taking
into the consideration the planned practical applications of the compounds, at T4 temperature
the diminishing of NLO activity and erasure of holographic recordings are usually observed.

The measured Tg values and destruction temperatures of materials are summarized in Table 2.
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Table 2. Tq and destruction temperatures of synthesized materials.

Compound Tg, °C Tsadal., °C Compound Tg, °C Tsadal., °C
2a 75 292 26¢ 101 248
2b 51 295 26d 103 245
2C 2 2 26e 109 245
2d 53 315 32a -2 -2
2e - 300 32b 65 240
2f 71 330 42a 73 320
5a 88 330 42b 89 355
5b 62 340 42c 107 240
11 108 253 42d 93 331
16 67 295 44 81 298

23a 98 242 46 96 290
23b 112 248 48 108 279
23c 108 238 50 83 252
23d 100 240 51 67 267
24a 113 241 53 D 295
24b 121 245 55 104 313
26a 110 250 57 127 294
26b 51 240 -
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Figure 14. Different properties of triphenylmethoxy and triphenylsilyloxy substituents:
(A) quantum chemical calculations, (B) DSC thermograms, (C) optical microscope images.

Depending on the used triphenyl substituent type, significant differences in
thermoplastic properties of materials were observed. Phenyl ring rotational freedom in
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triphenylmethoxy and triphenylsililoxy molecular fragments was modeled using quantum
chemical calculations (Figure 14)®. The results show that phenyl rings are more
conformationally free in triphenylsililoxy moiety. That can be attributed to increased Si atom
size and lengthened C-Si bond. The increase of overall conformational freedom in organic
compounds results in more stable amorphous phase and leads to decrease in Tq value’. This
was also observed in the case of our compounds. Comparing DSC thermograms of amorphous
samples 5a,b (Figure 14), triphenylmethoxy substituents containing material 5a showed
spontaneous crystallization upon heating. The decreased stability of amorphous phase for
compound 5a is also observed during the storage of thin films, where samples show signs of
the crystallization process. The substitution of triphenylmethoxy group with triphenylsililoxy
group in structurally comparable materials also results in the drop of T4 value by 25-60° C.

In the case of 1,1,1-triphenylalkyl modifying groups the conformational freedom of
phenyl rings is restricted due to the presence of a sp® hybridized carbon atom near the
triphenyl group. This restricted rotational freedom means that the molecular conformational
freedom needed for amorphous phase formation is provided by a flexible alkyl chain
connecting triphenylmethyl group and chromophore. From experimental data, it has been
shown that alkyl chain must be at least four carbon atoms long. The presence of 1,1,1-
triphenylbutyl modifying group leads to products with low amorphous phase stability and
solubility. In the case of 1,1,1-triphenylpentyl group stable glassy materials can be obtained
(Figure 15).
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Figure 15. DSC thermograms for 1,1,1-triphenylbutyl and 1,1,1-triphenylpentyl derivatives.

® Traskovskis, K., Mihailovs, 1., Tokmakovs, A., Jurgis, A., Kokars, V., Rutkis, M. Journal of Materials
Chemistry. 2012, 22, 11268-11276.
7 Naito, K., Miura, P. The Journal of Physical Chemistry. 1993, 97, 6240-6248.
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The observation was made that Tg value of molecular glasses increases with molecular
weight. The correlation between mentioned parameters for triphenylmethoxy and
triphenylsilyl groups containing compounds is given in Figure 16. As it can be seen, a steep
increase of Tg is observed in 800-1300 (g/mol) molecular weight region while further increase
of molecular mass does not notably impact Tg4 value, and it stabilizes at 120° C. Despite their
low molecular weight, several compounds show unexpectedly high Tg (see 42c and 48). That

can be explained by structure specific solid phase aggregate formation®.
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Figure 16. Correlation between Tqand molecular weight of materials.
4. NLO Properties

NLO properties of compounds were characterized by quantum chemical calculations
(Gaussian 09W software package) to predict hyperpolarizability (B) and dipole moment (p)
values. NLO coefficients (ds3) of materials were determined experimentally in electric field
polled glassy films (Maker fringe procedure)®®. The thin films were prepared by a spin
coating procedure from chloroform solutions. The thermal sustainability of NLO effect was
determined by heating NLO active samples and measuring the temperature at what the
starting second harmonic generation intensity has been diminished by a half (Tsnis0). The

mentioned parameters are given in Table 3.

8 Traskovskis, K., Lazdovica, K., Tokmakovs, A., Kokars, V., Rutkis, M. Dyes and Pigments. 2013, 99, 1044-
1050.
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Table 3. Molecular and macroscopic NLO properties of materials.

Compound | B@), 1030 | p,D* | ds3@), | TsHiso,

esu? pm-V! °C
2b 56.9 9.5 10.7 52
2d 64.7 94 13.9 53
2e 13.5 2.6 2.6 84
2f 6.0 2.1 3.1 56
5a 39.9 2.8 2.6 85
5b 414 3.1 9.6 56
11 63.9 3.3 5.1 76
26a 55.6 9.7 2.6 74
26¢ 47.4 1.7 4.3 101
26d 51.4 9.9 4.3 90
26a 89.6 15.9 2.8 99
26b 21.5 6.8 4.3 50
42a 40.3 9.8 11.0 66
42b 20.1 2.6 3.0 73
42d 32.7 2.8 1.9 92
44 31.0 4.0 12.1 74
46 27.7 3.1 6.2 75
48 60.1 18.3 5.7 86

&V/alues obtained by quantum chemical calculations.

The correlation between calculated molecular parameters and experimentally
determined NLO coefficients was made (Figure 17). Most compounds follow positive linear
relation between dss coefficient and molecular parameter Pu (multiplication of
hyperpolarizability by dipole moment). This observation is in an agreement with theory what
predicts that the second order NLO activity of material is proportional to its
hyperpolarizability value and polar order parameter cos®0, what, in order, is proportional to
dipole moment®. In Figure 17 the compounds that do not follow the correlation are given in
color. The red points have lower than expected ds3 values due to insufficient chromophore
isolation or large dipole moment values that results in a lowered poling procedure efficiency.
Higher than expected values are observed for benzylidene-1,3-indanediones 5b and 44 what is
explained by structure specific ordered solid phase packing.
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Figure 17. Correlation between molecular parameter fu
and macroscopic NLO efficiency of materials.

If compared, in the case of molecular compound 51 and dendrimeric materials 53, 55,
a higher NLO efficiency can be achieved for compound 51 (Figure 18). That can be attributed
to an increased polar order in the case of molecular compound. For the dendrimeric
compounds the relative chromophore orientation in single molecule is determined by central
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Figure 18. NLO parameters of molecular compound 51 and dendrimers 53 and 55.
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The thermal stability of NLO effect depends on Tg4 value of material. By reaching Ty
the molecular motions starts and diminishes the polar order of chromophores. For synthesized
materials clear correlation between Tg and Tsniso values were observed where the increase of
glass transition temperature increased the stability of NLO effect. Nevertheless, Tshiso of
materials were always lower than corresponding Tg4 values. It can be explained by different
thermodynamic history of compared amorphous phases where Tg4 is measured in cooled melt
while Tshiso in solution processed material. The possibility of trapped solvent molecules also
cannot be excluded in the second case. The stability of NLO effect during the room
temperature storage is dependent on Tqvalue. As it can be seen in Figure 19 the samples with
Tg over 100° C show stable dss3 value, while in the case of compound 26b, with T4 close to
room temperature, a steep decrease of NLO activity is observed.
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Figure 19. The NLO efficiency of samples stored at room temperature.
5. Holographic recording properties

Holographic recording experiments in several azochromophore containing material
thin films were made®!°. The efficiency of recordings were measured with parameter SDE
(self diffraction efficiency)- the ratio of power of first order diffracted beam to the power of
writing beam. Recording efficiency factor (REF) was introduced as an additional parameter
and describes the ratio of SDE to specific recording energy. The materials with better
response to writing radiation should have a higher REF value. Experimental data are given in

Table 4 and several recordings can be seen in Figure 20.

® Ozols, A., Kokars, V., Augustovs, P., Traskovskis, K., Maleckis, A., Mezinskis, G., Pludons, A., Saharov, D.
Optical Materials. 2010, 32, 811-817.

10 0Ozols, A., Kokars, V., Augustovs, P., Uiska, 1., Traskovskis, K., Mezinskis, G., Pludons, A., Saharov, D.
Lithuanian Journal of Physics. 2010, 50, 17-25.
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Table 4. Holographic recording parameters of several molecular glasses.

Compound | SDE, REF, tmax, Arec.,NM
% (%ocm)?/kJ min? | (polarization)
2d 31,0 195 60 633 (p)
23b 0,02 6-10° 80 532 (p)
26a 15,4 136 22 633 (p)
26D 08 03 24 633 (p)
26C 5.4 16,0 24 633 (p)
26d 8,4 18,7 48 633 (p)
266 0,4 0,1 24 532 (p)
32b 8,9 257,5 4 633 (p)
42a 6,4 28,5 34 633 (p)
42b 20,0 1129 15 533 (p)
42¢ 2.2 524 1 533 (p)
42d 0,1 0,01 36 633 (p)
51 156 3088 4 533 (p)

®Time period during what maximal recording efficiency was reached.

oo

2

Figure 20. Holographic recordings in compounds 26a, 26¢ and 32b.

a

In an attempt to connect the properties of materials with holographic recording
parameters, we concluded that the polarity of used chromophores plays an important part in
the recording process. While systematic SDE parameter variations depending on material
structure was not observed, the time period needed for maximal recording efficiency is much
higher for polar chromophores. That can be explained by a slowed mass transport process due
to increased dipole-dipole interactions between molecules. During recoding dipole
interactions can obstruct cis-trans photoisomerization process as well as pressure gradient
induced molecular movement process needed for surface relief grating formation (SRG). The
reduced recording time greatly increases REF parameter for low-polarity materials (42b, 42c
and 51) making those as the most promising for practical applications.

The recording dynamic for several compounds are given in Figure 21. The process can
be divided in two phases. First, the rapid formation of volume refractive index grating takes

place (B) after what a slower mass transport caused SRG formation can be observed (A).
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Figure 21. Holographic recording dynamic in several samples.
CONCLUSIONS

. The modification of polar chromophores with triphenylmethoxy, triphenylsilyloxy and
1,1,1-triphenylpentyl moieties allows obtaining amorphous phase forming materials
for applications in photonics.

. The compounds containing triphenylsilyloxy modifying groups show higher
amorphous phase stability than those containing triphenylmethoxy substituents due to
increased rotational freedom of phenyl groups, caused by lengthened C-Si bound. The
same effect causes a drop of Tg value for triphenylsilyloxy group containing materials
by 20-60° C.

. The stability of amorphous phase for triphenylmethoxy group containing materials can
be improved by increasing the amount of triphenyl modifying groups or geometrically
branching the structure of molecule.

In the case of 1,1,1-triphenylalkyl modifying groups the amorphous phase formation
ability of materials depends on the length of flexible C-C alkyl chain connecting
chromophore and triphenylmethyl fragment because the rotational freedom of phenyl
groups is restricted by neighboring sp® hybridized carbon atom. The minimal length

for the alkyl chain is four carbon atoms.
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5. Therise of Tg value is observed by an increase of molecular weight in 800-1500 g/mol
region for triphenylmethoxy and 1,1,1-triphenylpentyl groups containing materials.
The further molecular weight increase does not notably affect Tq, and it stabilizes at
120° C. This can be considered as a glass transition value limit for given material
class.

6. In most cases a positive linear correlation between macroscopic NLO activity and
molecular parameter By (multiplication of hyperpolarizability by dipole moment) of
material is observed. Several compounds show lower than expected NLO efficiency
that can be attributed to dipole-dipole interactions between chromophores caused by
inefficient sterical isolation or high dipole moment.

7. The speed of holographic recording process in azobenzene containing compounds
depends on chromophore polarity, and much faster recordings can be achieved in the

case of relatively low-polar compounds.
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