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1. Orientation in UC-PVA films

Orientation function values (P) were determined by polarized infrared measurement as previous

report.! We used following equations.

AII

D=—
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Where D is the dichroic ratio, Ay and A1 s the absorptions for the parallel and perpendicular

irradiations, respectively.
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Fig S1. FTIR spectra of UC-PVA films. a): Unstretched film, b): 200% elongation, c¢): 400%

elongation, red line: parallel, black line: perpendicular.

Table S1. Orientation function of UC-PVA determined from FTIR measurements (at 1325 cm™!).

Film elongation P
Unstretched -0.015
200% 0.063

400% 0.276




II. DSC curves
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Fig S2. DSC curves of a) non-stretched film, b) 200% stretched film, c) 400% stretched film.

III. Length, thickness and width of the films

Table S2. Measured values of the PVA films.

Before stretching After stretching
Elongation
%) Length Thickness Width Length Thickness Width

o

(mm) (pm) (mm) (mm) (um) (mm)
Unstretched 30 35 20
200 204 45 20 40 35 15
400 204 33 20 80 21 12

@ The length of initial film was 30 mm. When stretching, 5 mm from both of the shorter edges were

overlapped with an attachment for chucking. Therefore, 20mm-length film was stretched.




IV. Polarized absorption of UC-PVA films

Dichroic ratio was determined from the absorption intensity at 414 nm. The following equation was

used.?
I

D=_"
I,

Where /I and ' 1 is the absorptions for the parallel and perpendicular irradiations, respectively.
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Fig S3. Polarized absorption spectra of UC-PVA films. The direction of stretching and incident
polarized light were parallel (0°) or perpendicular (90°).



V. Dependence of UC emission and phosphorescence vs excitation power density
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Fig S4. UC emission (455 nm: black) and phosphorescence (710 nm: red) intensity as a function
of 532 nm excitation power density of the UC-PVA films. a) Unstretched film, b) 200%-elongated,
¢) 400%-elongated.



VI. Stability of the UC-PVA film
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Fig S5. The changes in emission intensity and spectra upon excitation at 532 nm. The excitation

power density is 259 mW/cm? for a) and b), 8.4 W/cm? for ¢) and d).
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TH NMR and BC NMR



00" 0-

Fe-

gZ”
6c”
TE”"
T
L
6"
AT
g6’
£6 "
Fe-
FE-
9k
8F "
TL”®
A

S
Ml
1
8T°
0z-
L
IT"
¢L”
-
F1°
9e"
0E"
TE”®
A
EE"
EE”
Fe”
FE”
9e”
aE”
LE"
8BE”
BE "
A
ol”
gL
FL”
SL”

— —
]

[l e e S ST il e sl et ol ol ol o ol ol e o LT L T S T o I o B oS R B B B I R

—
e |

—

rf"””’;J

=l

—

|

(o]
O o~ Ao

~O~2

Co
mpo

und

0

1

2

3

4

5

6

7

8

9

10

PPm

-W

I~
=
wn

| |

i
™~
~

w
[= =]
2]

g
m[
o
w0

]




BL'TE—

£z ——

SO FE—

LE'FTIT

TP "9ST

ESTELT

mpo

6§
k
o
"‘D Co
D
)
o

160 140 120 100 80 60 40 20 ppn

180



"

er

Met
han _='_'§
ol-
.
Wat —

ppm

10

|

o
<
‘ R

—. 208
[




Fe”
LS”

oo

=

o
L=

0

-

Se”
og-"

-

PIT~—
FoT
"Bl
"DET
'DET:}
TIET
BET

BsT—

| T | T |
180 160 140 120 100

T
200




und

ppm

10

=]
7+]
(27]

=
-
(=]



FLT

0 [
uy

56"

M~ O om0 o o N
WO AD 1) W) W WD)

N2

cLl—

6Tl —

FET —~_
it gl

b

o

\/o

Co
mpo

und

ppm

160 140 120 100 80 60 40 20

180



0"
AN
Fe”
FS”
66"
I0°
I0°
10°
ch”
0s-”
A
FS "
81"
oz
| A
£Ee”
A
A
gz’

EC”
9¢”

T U TR - I I o o B o T B o o B S I R
[

TN TSN

Chl
orof

orm

Wat

er

ppm

- w

l\
]
-
L]

=]
o
-

) |

/

1)
o
o

{

PIs
[ ]
oy
od ey




EET

9g’

s

g ity

OF

L9

69°

58 °
81"
EL"
88"

Bl

FT—
Te—

e
PE—

RQI—

LY

eIl —

Shgil—

06T~
PET—
SET

v —

Sk

o

\/O

Co
mpo

und

Ppm

160 140 120 100 30 60 40 20

180



AN
Fe -

96"
Le "
86 °
0o-”
10°
A
P’
9 °
BE”
ST°
LL°
DE"*
5
iz
LE®
(4 i
GE "
BE"
6"
1E°
e’
98"
Ie "
g8F "

A
FE"
A
£0°

S0°

58 °

Met

han
ol- \ %
Wat S
er \ _____J
== —
e ool

L
N —
o
o

Ppm

10




P
50°
-
E9° 4
L8

=
=

BE"
97!
ZB8° L

-

1)

£0”
oT”
5¢°
af "
0f-"
ar -
05"
06"

£S”
€57
52 Iy
0z

om
L1}

TE°

£ I B o

gl

0ET=_
EET~—

"FET

IRE—"

0 ppm

20




