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Abstract: The Organic-based high-refractive index devices have ganered attention due to advancements in scientific
instrumentation. Currently, many types of high-refractive index devices under development can be broadly categorized
into heteroatom-substituted polymers and hybrid devices. For light to refract through the polymer active layer due to the
polarization of internal atoms, strong polarity within the molecule is required. As a result, research on heteroatom-sub-
stituted polymers is being conducted. Additionally, there is active research on incorporating well-known inorganic-based
structures within polymers. However, most of these studies are isolated cases, lacking clear trends, and often rely on trial-
and-error to optimize the polymer chains. In the context, this review aims to enumerate various types of polymers, with

a particular focus on emerging cases of refractive index development through computational chemistry.

Keywords: polymer optics, refractive index, computation, heteroatom, refraction.
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Table 1. Molar Refraction Values of Representative Functional
Group and Atoms"

Atom, bond [R] Atom, bond [R]
-H 1.100 (O)-SD)-(C) 7.80
-Cl 5.967 (O)-S(AV)-(C) 6.98
-1 13.900 -C=S- 7.97

-OH 1.525 -S=S- 8.11
-O-(H) 1.643 >C< 2.418
-0O- 1.643 -CH,- 4711
=0 2211 C=C 1.733
-0-0- 4.035 C=C 2.336
Se 11.17 Phenyl 25.463
S-Br 8.865 Naphthyl 43.00
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Figure 1. Chemical structures of representitive high refrative index polymers."
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Figure 2. Examples of molecules with high refractive indices incorporated into polymers: (a) A silicon-containing polymer compound appli-
cable for OLEDs. Reproduced with permission from Ref. 46, Lim. Y. W. et al., Adv. Funct. Mater., 2018, 28, 1802944. © 2018, Wiley; (b)
A polymer chain containing adamantane, which has a structure similar to diamond. Reproduced with permission from Ref. 47, Tong, L. et
al., Polym. Adv. Technol., 2018, 29, 2245-2252. © 2018, Wiley; (c) A polymer chain containing selenium oxide. Reproduced with permission
from Ref. 48, Unni, A. B. et al., Macromolecules, 2017, 50, 1027-1036. © 2017, American Chemical Society; (d) A polymer containing zinc
sulfide, which exhibits a high refractive index. Reproduced with permission from Ref. 49, Xu, J. et al., Macromolecules, 2018, 51, 2672-2681.
© 2018, American Chemical Society.

Polym. Korea, Vol. 48, No. 6, 2024



590

L)

Figure 2(c)= F4 A A F2T F Jde AFitslEe
AHsRe™ Figure 2(dye & €8 7718 WieAQl 3}
oS AT Flgure 2cr= ZE| eI EA} ]|
A 1.585(@545nm)] = FHES HYow, 58] 1EA
FA wE} 2 o AEAslES F2e Al=snh®
Figure 2(d)°] 7% Fslolde] el wp2 2dEe] A3+
AE ZE = Ao FHELS 1.652004 1751704 Z7}

= X= T
e RYTY ST B8 2212 12A Yol A sle

A%, A 3 B Buw] Ut J3 0 A B
of, H3F 2442 B2 e B wE AHskt B

.U_O]'T;]‘

Calculational Study of High Refractive Index Polymers.
AFE| Bsjo] wo] Pol, W BololA A4 AE 5
gt 23] 59 dZe] &ds] o]FgA A Aot dE &
SIRFAA 5 A TRAROIA HA el EL
VES o] WA AL TSNS BYY
s 2AE AR el e ALkl {2
wo F85 dhol gt} Norbert Hamppt 29 77L&

o rlo 1% ro

Zo| W2 ZFHES o 3T}
= Qdl, FulEa} o] ;{1?:':10]._]“ g A E=
HRI ZHg-7] 5760 uﬂE} Y 0| E(MA), A2A|(SX)2} 2

T2 4 Ad= F87](Polymerizable group, PG),"* 12]aL
o] 25 olofFE oM (S)E EHdl T 117 A
(a) o

°"~L \j

©©®D

o do do

458 - A7)

de@

A% oo AYHoR AYE 2UE 5o 994 54

WS ANOR 28 ghEs) viwslel, 5] 753

A mdo] 32 A A JolUArAl FRelE 1
1

ATHFigure 3(a) (b)). FI% PG, S, Z8]3L HRI®] %30 =
e HEAE :l~°l A AL 2o 71%“& A
oA 0.9712] 7“4 ATE HATHFigure 3(c)). Egt

Eok;q "é‘—f—} %-’G]—Q Eoﬂt'_ 7:"}\].71-_,,1r A& 71—7]__/] )\]-_,,]J\
o, At 245 RYFo] =d At AAA
83 =77 2 F UeE ojE}(Figure 3(d)). &L, ©]
&k AR B2 ojn] dHA = aiEA AkEd 2871
e gt 2-go] & o 7] wiiel, 71 =4 E E =
53 22 87| ddstAY AAsH] oAHu= A7

(<3}
P

, 9l
_9‘

Kol

ZE 3 MY
2 gRdre 28ES 7717 S8l A=Z tE At
Zlof| A z18)E A7 sl sl At dAl s
AR e 3 X3 A g A 1.88 HolAe
=4 Eo| A Bt HAL QA kol AEL- Feje] AL
ko] @ FHET) o2 YA, FUAE X&) yEAF L2
Nt 3 o]o) tigh - tiA| Ao A ut, o] FEE A}
o] B At g A} A7} s A=l ofof gt o] volrt
T E-H715 7]Hke] 284 slo|Hel= Al 7 29

SO

O

pSX-DPA PMA-DPA PMA-DPM PMA-FI PMA-OPP
(b) (€) 1650 (d) ;600 ,
5% I_-" ® P5X
Inputh Calculafed Predicted properties np, v,, T, AMA , o
Ly = Ly
Mo, Var Trn My, Vs R, BR 1.600 1640 ol
# i g =
£ &
pSPG [ﬁ”ﬁ] &£ b £ ae’
4 P
T » 1.550 8" 1.590 4 P
] Pad ~o
HRI ’ , -
group - 4 et
|1 1.500 1.540 v .
1.500 1550 1.600 1.650 1.540 1.590 1.640 1.690
Np,cale. WT% N, cale. W%

Figure 3. (2) Structures of synthesized HRI-polysiloxanes and their corresponding HRI-polymethacrylates; (b) illustration of model for math-
ematically predicting the refractive index, Abbe number, and glass transition temperature of the polymers; (c) comparison between calculated
and experimental values for refrative indices of all monomers, with blue dots representing siloxanes and red triangles representing methac-
rylates; (d) correlation between calculated and experimentally obtained refractive indices for the studied polymers, where blue dots indicate
siloxanes and red triangles indicate methacrylates. Reproduced with permission from Ref. 56, Badur, T. et al., Macromolecules, 2018, 51,

4220-4228. © 2018, American Chemical Society.
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