Opto-Electronic Engineering Artl Cle

% ¢ x 4

20195 , 5546% , 55 3 HH

DOI: 10.12086/0ee.2019.180620

2 RIERIAHBR SRR Y —— N
HEIEXE 1)457\1‘)? l
# -8

J|

ERAT, REW, [MFEE, FEE, &

100084

WE: BEAABREGDOERIET LREN Y mEXESR, BB EARRENHERIBRMIZRERELE
HAERRAL %5, ASRE T —MARS IR Y ‘ﬂu{ifmﬂi FSITARKRE DRI T A, &
7 ik B A5 ORI AW ) B AZ o 0 BB S SAT BB 547, 38 T AR &b ] & 1A F BOPOL I I &
WA T A, SFARBBOLE R T RNRENTARESIRGBE R E, AHFEZIHRABEALBREDHE
SRR, T 5%,

K RO RBOREY; REEN; REHRA

hE 4SS TN26; 0438.1 WHERFRERD: A
SIARR: R, R2E, TS, F. A LB LR EASMGBMEZ S5HJ]. b 42,2019, 46(3): 180620

Monitoring and optimization of the synthesis
process of the holographic doped photopolymers

Cao Liangcai®, Wu Shenghan, He Zehao, Li Yaoyao, Jin Guofan

State Key Laboratory of Precision Measurement Technology and Instruments, Department of Precision Instrument, Tsinghua
University, Beijing 100084, China

Abstract: The synthesis process of doped photopolymer has a significant impact on its properties. The tradional
optimization method for the synthesis process of doped photopolymers depends on experimental parameters and
experimental experience. A method for quantitatively monitoring and optimization of the synthesis process of doped
photopolymers by absorption spectrum is presented in this paper. The absorption spectra of samples in different
steps of the preparation are measured and analyzed. The change rule of the absorption spectra in preparation
process is revealed. Quantitative monitoring of the progress and the synthesis rate of photopolymers could be rea-
lized by the proposed method. This method brings new possibility to quantitative optimization in the preparation
process of doped photopolymers.
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volume holography

MMA
PQ AIBN 98.3:0.7:1
0.05 vol.% 10 nmx34 nm
2
. . PerkinElmer Lambda950
BRCH BT EIIEMIL
Iy
I()llt
AA zlg(lin/lout) 4 (1)
A; A

180620-3



DOI: 10.12086/0ee.2019.180620

Phase No.1
Phase No.2 AIBN PQ
Phase No.3
Phase No.4
Phase No.5

B2 BEAEEMNEBLEARRESDHEIETER
Fig. 2 The principle of absorption spectroscopy during the preparation of doped photopolymer

)
( ) 300 nm 600 nm
300 nm
3 4
( )
1 mm 1 cmx1 cm
1 cm 300 nm
3
25 ¢ . ——Phase No.3
s -.----.Undoped phase No.4
i -----NR doped phase No.4
2.0 1
_ l'. s 10F " [ GoldNRs | |
3 45 \ o 08 | 1
< - ! S 06} ]
i ‘.I B
A 5 04 | ]
10 b 302} {1
', < 0 L L 1
"~ 400 500 600 700 800
05 | \ e ——— __ﬂavglength Anm
- e e e ey
0 B

250 300 350 400 450 500 550 600
Alnm
B3 #HEAHKRESYDHEIRLETN
Fig. 3 Spectral changes during the preparation of doped photopolymers
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Fig. 4 Absorption spectra changes before and after curing
during the preparation of 1 mm doped photopolymer
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merization at several wavelengths
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Table 1 Average pre-polymerization rate of different
phases at three wavelengths

Time/h 400/nm 500/nm 600/nm
0~1 0.066 0.066 0.054
1~1.5 0.198 0.204 0.186
1.5~2 0.011 0.042 -0.018
2~25 0.018 0.006 0.012
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Absorption intensity of samples during pre-polymerization at several wavelengths

Overview: The photopolymer has the advantages of high sensitivity, high resolution, low cost, simple fabrication and
good optical performance. The photopolymer has the disadvantages of high shrinkage and low diffraction efficiency,
which limit its applications. The doped photopolymer is an improved holographic material compared to the pure pho-
topolymer because it has lower shrinkage and higher diffraction efficiency. The synthesis process of the doped photopo-
lymer has a significant impact on its properties. The traditional optimization method for the synthesis process of the
doped photopolymer depends on experimental parameters and experimental experience. A method for quantitative
monitoring and optimization of the synthesis process by absorption spectrum is presented in this paper.

Different substances have different compositions and structures. The absorption spectra of various substances are also
different. Therefore, qualitative or quantitative analysis of substances could be carried out according to their absorption
spectra. The sample used in this work is nanoparticle doped polymethyl methacrylate (PMMA) photopolymer. The sin-
gle wavelength electromagnetic wave is obtained by a white light source through the spectroscopic system. After passing
through the sample at a certain distance, the single-wavelength electromagnetic wave enters the detector. By comparing
the light intensity of transmitted single-wavelength electromagnetic wave with the original intensity, the absorption in-
tensity of the sample under the specific wavelength could be obtained. By measuring the absorption intensities under
various wavelengths, the absorption spectra of the sample could be obtained.

The pre-polymerization process is very important for the synthesis of the photopolymer. However, there is no quantit-
ative monitoring technology for the process of pre-polymerization. Because the pre-polymerization process results in
strong changes in absorption spectrum, the pre-polymerization process could be monitored by the proposed absorption
spectrum method. With the absorption spectrum method, the degree and the rate of the pre-polymerization could be
monitored and expressed by absorption intensity. More experimental conditions of pre-polymerization could also be
determined. Thus, the synthesis process of doped photopolymer can be optimized.

This optimization method can not only be applied to the preparation of doped PMMA photopolymer, but also has
important value for the preparation of other materials synthesized by polymerization. It also provides an effective way to
fabricate stable doped photopolymers.

Citation: Cao L C, Wu S H, He Z H, et al. Monitoring and optimization of the synthesis process of the holographic
doped photopolymers[]J]. Opto-Electronic Engineering, 2019, 46(3): 180620
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