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° DBTDL DMSO
° ° 24 PU-1~5

4,4’- ° MDI
-2,4- TDI ° ° 1,4-

° HMB 2- °-1,3- ° MPDO
1,3- ° MPDO °

KBr Si
254 nm °

633 nm (pMAIRS) °

MAIRS AM-4000 FT-IR 4200
9°~44°

7  

° ° HMB MDI
TDI 2 PU-1

PU-2 Scheme 1 FT-IR ° 3300 cm–1 N-H
1710 cm–1 C=O 1046 cm–1 C–O
1H-NMR PU-1 PU-2 GPC

Table 1 PU-1a Mn: 38,000, 
Mw/Mn: 1.71 PU-2c Mn: 18,700, Mw/Mn: 2.49 DSC

PU-1a 250 °C Tg PU-2c 138 °C
Tg PU-1a DMSO NMP  

Scheme 1. Synthetic scheme for aromatic polyurethanes PU-1 and PU-2. 

Table 1. Synthetic conditions and results of the aromatic polyurethanes 

a) Estimated by GPC (RI) using polystyrene as the standard. b) Determined by DSC. c) Not observed in
the range of –20 to 250 °C.

DMSO
24 h

DBTDL

HMB

+
OH

HO

NCOOCN

MDI n
P-1

N
H

O

ON
H

O

O

DMSO
24 h

DBTDL

HMB

+
OH

HO

NCO

TDI

OCN
n

P-2

N
H

O

ON
H

O

O

DBTDL

(C11H23COO)2Sn(C4H9)2

PU-1

PU-2

Polym. Diisocyanate
 (eq.) 

DBTDL DMSO Temp. Yield Mn
a) Mw/Mn

a) Tg
b) 

(mol%) (mol/L) (°C) (%) (°C) 
PU-1a MDI (1.02) 2.15 1.96 rt 72 38,000 1.71 >250 c)

PU-1b MDI (1.02) 2.18 1.88 60 94 12,800 1.54 —
PU-1c MDI (1.04) 2.33 1.95 80 72 57,900 2.14 —
PU-2a TDI (1.00) 2.14 1.98 rt 67 13,300 3.77 —
PU-2b TDI (1.05) 1.33 1.00 rt 81 15,800 3.35 —
PU-2c TDI (1.04) 1.02 0.973 60 56 18,700 2.49 138
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PU-2c THF 1,4-
PU-1

PU-2 TDI °

PU-1
PU-2 Tg

° [10] °

PU-1a PU-2c °

254 nm 1.75 mW/cm2 UV-vis °

λmax

Figure 1a, 1b
KBr PU-1a PU-2c ° 254 nm 1.75 mW/cm2

60 FT-IR °

1730 cm–1 (N-H), 1538 cm–1 (C=O), 1220 cm–1 (C(O)NH, Amide II) 
3368 cm–1 N-H Figure 1c, 1d

°

UV-vis ° °

Figure 1. (a,b) UV–vis spectral change of PU-1a (a) and P-2c (b) films during the 
photo-irradiation at 254 nm (1.75 mW/cm2). (c,d) FT-IR spectra of PU-1a film before and after 
photo-irradiation at 254 nm (1.75 mW/cm2). 
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Si
PU-1a PU-2c °

100 nm
254 nm 1.75 mW/cm2

60 PU-1a 0.041, 
PU-2c 0.0358

Figure 2
254 nm

PU-1

° ° PU-3~7 Scheme 2
100~130 °C Tg PU3~7 (Table 

2) THF
°  

Scheme 2. Synthetic scheme for aromatic polyurethanes using several dialcohols. 

Table 2. Synthetic conditions and results of the aromatic polyurethanes PU3~7 

Polym. 
Feed Yield 

m n Mn
a) Mw/Mn

a) 
Tg

b) 
MDI TDI HMB MPDO PDO (%) (	) 

PU-3 1.01 – 0.500  0.500 – 89 49 46 34700 3.21 127 
PU-4 1.01 – 0.500 – 0.500 93 84 84 60600 1.96 129 

PU-5 1.02 – – 1.00 – 80 – 143 51000 6.73 124 
PU-6 – 1.01 0.500  0.500 – 93 104 107 60700 2.38 122 

PU-7 – 1.00 – 1.00 – 91 – 181 47700 2.58 104 
a) Determined by GPC using DMF solution of 10 mM LiBr and 10 mM phosphoric acid as the eluent and
poly-styrene as the standard. b) Determined by DSC at the heating rate of 10 °C/min under N2 flow.

OCN
DMSO (1 mol/L)

rt, 24 h

DBTDL (1 mol%)

Diisocyanate

+R1
NCO HO R2 OH

Diol 1

+ HO R3 OH

Diol 2
m

Aromatic Polyurethanes

R1
N
H

O

O R2N
H

O

O

O N
H

R1
N
H

O R3

O O

n

H3CR1 (Diisocyanate) : R2, R3 (Diol) :

MDI TDI

CH

CH3

HMB MPDO PDO

CH2

DBTDL : (C11H23COO)2Sn(C4H9)2

a�

c�

PU-1a

PU-2c

Figure 2. Refractive index increases of 
PU-1a and PU-2c during photo-irradiation at 
254 nm (1.75 mW/cm2). 
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PU-3
°

254 nm 1.85 mW/cm2

UV–vis °

PU-1,2

Figure 3
PU-4–7

° 254 nm

 λmax

MDI ° HMB

Figure 4 MDI
MPDO PU-5

60 λmax

PU-3–7 °

Si
°

100 nm
254 nm 1.85 mW/cm2

°

HMB
PU-3,4,6

0.0363 Figure 5
HMB

PU-5 PU-7
PU-5 UV–vis °

PU-1~7
Table 3

PU-1>PU-4≥PU-2>PU-3>PU-6>>PU-5> 
PU-7
0.03

Figure 4. The plots of Abs. decrease ratio at 
initial λmax during photo-irradiation of PU 
films at 254 nm (1.85 mW/cm2). 

5�
4�
3�

6�
7�

Ab
s.

 d
ec

re
as

e 
ra

tio
 a

t λ
m

ax
 (%

) 

3�

5�
4�

6�
7�

Figure 5. Refractive index increases of PU 
films during photo-irradiation at 254 nm 
(1.85 mW/cm2). 

Figure 3. UV–vis spectral change of PU-3 
during photo-irradiation at 254 nm (1.85 
mW/cm2). 
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Table 3. Structures and properties of aromatic polyurethanes PU-1~7 prepared in this work 

PUa) R1 R2 R3 Mn Mw/Mn 
Tg 

(°C) n Δnc) Δd 
(%)d) 

1e) — 38,000 1.71 250< 1.6024 +0.0411 –8.0

2e) — 18,700 2.49 138 1.5850 +0.0358 –11.3

3f) 34700 3.21 127 1.6111 +0.0324 –5.7

4f) 60600 1.96 129 1.6159 +0.0363 –5.6

5f) — 51000 6.73 124 1.5952 +0.0044 –1.0

6f) 60700 2.38 122 1.5915 +0.0294 –7.4

7f) — 47700 2.58 104 1.5685 +0.0029 –1.1

a) Refractive index (n) was measured by ellipsometer at 633 nm. Film thickness (d) is ca. 100 nm.
b) Refractive index before photo-irradiation. c) Refractive index change by photo-irradiation for 60 min.
d) Ratio of film thickness before and after photo-irradiation. e) Irradiated at 254 nm (1.75 mW/cm2).
f) Irradiated at 254 nm (1.85 mW/cm2).

° 5~11% n Lorentz–Lorenz (1)
[R]/V

V
° HMB

°

Si PU-3 ° 150 nm 254 
nm 1.85 mW/cm2, 60 (pMAIRS)
° Figure 6 (2) PU-3  

Figure 6. pMAIRS spectra of PU-3 films (a) before and (b) after photo-irradiation at 254 nm 
(1.85 mW/cm2) for 60 min. 
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S 0.5 ≤ S ≤ 1, S = 0.5 0 1 
in-plane, IP out of plane, OP

pMAIRS °

Table 4  

Table 4. Orientation order parameter changes of PU-3 functionalities by photo-irradiation 
N–H C–H (aryl) C=O C=C C–N C–O–C 

S before 0.10 0.08 0.08 0.02 0.02 –0.01
S after 0.18 0.10 0.12 0.06 0.07 0.07
ΔS +0.08 +0.02 +0.04 +0.04 +0.05 +0.08

PIP POP

S
°

°

MDI TDI
° ° PU-1~7

pMAIRS

  pMAIRS
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