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The Plastic GRIN Rod Prepared by the Photocopolymerization
Process—Control of the Refractive-Index Distribution
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Plastic GRIN (Gradient-Index) rods with various profiles of refractive-index distributions
were successfully obtained by the photocopolymerization process. We propose a mechanism to
form radial GRIN by photocopolymerization in multimonomer systems. By developing the
computer program which calculates the physical constants of polymers from the chemical struc-
ture, and which predicts the index-profile of the GRIN rod on the basis of the above mechanism,
the index profiles of the GRIN rods fabricated were tightly controlled.
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Fig. 1 Schematic representation of the photocopolymerization process at a steady state.
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Fig. 2 The change of the remaining monomer
composition (tail end of arrow) and the
composition of the copolymer formed
at each monomer composition, with P=
5k wt% (k=0, 1, 2, «-+) in MMA-AN-
VB system.

A double circle expresses the monomer
feed composition.
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Fig. 3 The calculated values of refractive index
of the copolymer formed at conversion
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Fig. 4 The summary of the calculation to predict the physical properties of polymer.

Table 1 The calculated values of the physical constants of the selected polymers.

Polymer np Abbe No. ?g’,‘cﬂi)y [(cal/c,‘ZS) iy Ts(C)

Poly (MMA) 1.494 55.8 1.17 9.20 118
(1.492)* (56.3) (1.19) (9. 0-9. 5) (105)

Poly (styrene) 1.605 33.9 1.07 9.28 109
(1.60 ) (30. 8) (1. 07) ©.1) (100)

Poly (ethylene dimethacrylate) 1. 508 56. 7 1,24 9.62 81
(1. 506) (53. 4) (1.24) (—) (—)

* The values in parentheses are the observed data.
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Table 2 Monomer reactivity ratios, and refractive indices of homopolymers.

M M. Ms 712 721 713 ra1 723 732
MMA AN VB 1.34 0.12 8.52 0.07 5.0 0.05
(1. 49)* (1.52) (1. 58)

MMA BzA VB 2. 66 0.29 8.52 0.07 1.51 0.08
(1. 49) (1. 56) (1. 58)

* The values in the parentheses represent the refractive indices np of the corresponding homopolymers.
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Fig. 5 Formation of the gel phase in the glass
tube during the photocopolymerization
process.

BondpitFHT 23y Ca—gFars 5 %05
7212, FMI R 12) 2RI . ZZTREDR
HE oy FEEF RO RIFTRS HIER B HEAE B
3.

#9 Fig. 1l KBV TAH I AENICE/, v—REK
lgoMAEEELS. H5 R BEWELS FTHL 2 VA
O F—FVRFEERSD L &, ThZhOAMEIC BT
R =—afRE Fig. 5icRe. dWr, dWr, dWe
12, FrREQeipznenofE TNl 2 8Y =
—BOWS, dS FIIATERL 7o 4V BT RED M5y
Thb CCTUTOCEEIET 2. MkE (Pl
WeEET 3/ v—H) ORY =—BFE Puid sy v
o E BT IcONKRLICHEINT 5. FHOEARIC K
BRI T, e Y v —AERPuDES T
—BAWD LR o fithsns. ) St i T
L & Sicsnilic X v EAMNTERHEL RO K IS D
®H AV i3 (7T)RT, 2OBAOKEAKPD M €

Fig. 6 The calculated refractive-index distri-
butions for MMA-BzA-VB monomer
system.

MMA/BzA/VB (wt/wt/wt); A: 3/0/1,
B: 2.5/0.5/1, C: 2/1/1, D: 1.5/1.5/1.
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Fig. 7 Representative index-distributions of the

GRIN rods fabricated by the photo-
copolymerization.

HRTERL CAROLEETH B, Lichi-T, (7)
~(9)R&bv, thddins r OEEENC &5 2 LEAKM
RsEH & 5. BHERICEHLT, noE/ v—%
GRIN vy FO BRSO SN B,
MMA-BzA-VB % GRIN © v Fo BIFRS e
fiR% Fig. 6 1CORT. B (7/Re) TH 3D T,
(DRt > i B &7 5. MMA-VB o Z5t®
/=—% (g A) ic BzA 2 #Beic nis cLick
D, BRESHOHRLIC(1)RCESOTOL 2 &b
5. NG DA EBRERE 270 X —HL 1.

6. EBiTESHENE

HEESETR, (1)ROHHLSMC X & K& 12531
NE—VEFTEDy FEERTECLENTES. 2h
SO — KT BT < —ROERFEE LU
B ESHD FRICD O Tid D THET 2 FETH
5. kv iar—variHicdine/ v—RETO
& GRIN oy FEERL, ZoEITRSH%
BHRTFHEP I X BIEL 7% R% Fig. 7 154,

iR AR EIE TEFRSHEAE L WL > XER%E
RO, HifE B, C doy Mzl vbws W HE
JUOHEW BONHEET 3. B Doy Fid#dEdL T
BEICWRGRIN 7 74 N—L 43 EDTEE.
DAFED ZIRG R S At RO TN TRHAANF
BEna #Hrics 5o FBEMDBRENIEL, £
ATEI Ty FOBRTOBERENEEL 2070w,
LW GRIN BGEE 7 74 N—E L THAT X 374

475 (63)

b 3.
ik D i3 MMA-AN-VB % oy FoO BHFESHT
b0, 1/4 €y FICYRMBL - oy FLy XA BLE
e b BREED DIy v AR 7P, B
vy FLy XE L COBEENMEZ, BB (10) i s
T ha=2/3, he=—17/45 D & Xic 57 5N 5.
n(r)=n*0){1— (g7 + halgr)

+ he(gr)o+--+} (10)
figg D oo o PR EIFERSAER 9=0.08mm™, h=
—2.8CTh-71. v alb—varyDhlicHunic MMA-
BzA-VB =&/ =—RIK BN Td, nvy FeBich
7o BRAENGED D1si L v S 3 %2 GRIN o
v FBS N,

7. #%

n e / =R EAD BIFRH TR EHELHS
ML, FI3AF 527 GRIN oy FO EBFESHEL
WiERlich o D BT 2 c L xR A ¥, K =—
DA FRIL, XHEACEST 3T/ v—F%
BUHL, Z0F»h5H/B5M1 % GRIN oy FOEHRE
A FRlG 3 —EO Iy Ca—& ¥ X 57 A% BFL
. ZOFHIicHES &, BET TR, KELLWE2OEH
R4 —> (Fig. T) #F9 % GRIN oy FHEE
rricEshc.

2

X 2

1) 4th Topical Meeting on Gradient-Index Optical
Imaging System, Kobe, July (1983).

2) Y. Ohtsuka and T. Sugano: Appl. Opt, 22 (1983)
413

3) Y. Koike and Y. Ohtsuka: Appl. Opt., 22 (1983) 418.

4) 1. Kitano, K. Nishizawa and A. Momokita: Appl.
Opt., 21 (1982) 1017,

5) Y. Koike, Y. Kimoto and Y. Ohtsuka: Appl. Opt.,
21 (1982) 1057.

6) C. Walling and E.R. Briggs: J. Am. Chem. Soc., 67
(1945) 1774,

7) G.L. Slonimskii, A.A. Askadskii and A.I. Kitai-
gorodskii : Vysokomol. Soedin. Ser. A, 12, 3 (1970)
494.

8) KIFIRIE: BT, 27 (1978) 90.

9) KRR MR MROIMIEMN AR Y & —,
1983) p. 183.

10) J. Brandrup and E. H. Immergut : Polymer Handbook
(Wiley-Interscience, New York, 1975) Chap. IV, p. 339.

11) A.A. Askadskii and G.L. Slonimskii: Vysokomol.
Soedin. Ser. A, 13, 8 (1971) 1917,

12) Y. Ohtsuka and Y. Koike: Appl. Opt., 23 (GRIN 4
Special Issue) (1984) to be published.

13) Y. Ohtsuka and Y. Koike: Appl. Opt., 19 (1980) 2866.



