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Orientation Evaluation of Polymeric Noncrystalline
Chain with Polarized Fluorescence Method.

Sadao Hisr and Matsuo MaEepa

Department of Fiber and Polymer Engineering.
(Received September 8, 1978)

A formula of polarized fluorescense method appropriate to evaluate orientation of
amorphous molecules in oriented polymer films are introduced.

Especially, in the formula, the effects of light absorption and birefringence produced in
the sample are taken into account, and the precise correction for reflective method is also

considered.
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Fig. 1 Polar and azimuthal

angles 0; and ¢;
specifying the orientation of the given j-th
vector of fluorescent group with respect
to the Cartesian coordinates 0-x;x;x; fixed
in the specimen.
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Fig. 4 Refractive index, vibrating direction (indi- -

cated by arrow at each point) and trans-
mitting direction of light in the biaxially
stretched specimen: 0 denotes vibrating
direction of ordinary light and e denotes
that of extraordinary light.
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Fig. 5 A Geometrical relation of vibration direc-
tion of a polarized light wave in the
biaxially stretched specimen.
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Fig. 6 Angular relation of vibreting directing of
polarizer, Vector Q and transmitting dire-
ction s in the incident beam, referring to
the Cartesian coordinate (0-x;%5%s) .
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Fig. 7(a) Angular relation of e, 0 and transmitting
direction s, referring to the Cartesian
coordinates (0-xx,%3) fixed in the biaxially
streched specimen.
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24,405 ><1‘101+§5i112 2y sin? 28, { A
+ A2} ]
. . B .
Bﬁz[sin2 pB1cos?yeAy, .%%[sinZ By cos? By cos? y sint y A, ll%cos2 7 sin? y cos? ) ITE cos?y sin 28
v 0 . . 0
2 --R% cos? By cos?y tsin’y [18“14 Bi-t-cos? fy cost7) Xsin 26 sin 28+ R; Xsin 28+ R;
24, 4,7) XA22+§51112 27 sin? 28,
X {Azn+Az}]
By Birg; 4 2. sint B, 2 gin? 25| R 24 si
Pz[SIHZ B cos? r Ay R F[sz By cost B cos?y sint r Ay R, cos? y sin? y cos2g, 7 cos?y sin 28;
0 ° . .
4 XGOS §; cos? 7+ Xsin?y {IS“" Prrreost Fieosty} [y qinpp sin28,-Ri|  Xsin 26+ Ry
o2, A, X Ay+-g sin? 2r sin? 28,
X {Au+Ag}]
04 _ ot
By= 812511 , = ezzl"ll 3 = 0325 2 ,  Ri=cos d3cos §'ge~ e, e 2= 2 "2,
rae ed=¢4, ¢4 .=e 4. cosdy=cosd =1 (9

e 0=¢ 2, 0= 2"271,028_2":,:, ed=¢4,

€2M,,07 2, o= 2, M, g =g~ 24, = 1, e M=

Ty==sin2y {sin*8;-+cos’y cos* §;+2cos?y sin? B; cos? B}
Ty=sin? 8 cos?y (1+sin* y cos? ;42 siny cos? B}
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T3=cos?y cos? g,e~24
So==cos?y cos B, sin e~ (cos? ; sin?y+1)
X cos 3 cos 85" +e™4, 60

EHMAETEDZDT, ¥ C,it, Table 20k 5ici
BTx%, =o Table O T

Cio=Cl,+CL+CIP4-CIP 61

ZEIRL, ofix 0 T 1358, R K4, B RHERE
SEO0BEY ThZFhHbb LT3, TicbbAKAr N
O, TisbbEEASILNE, ChROCYE OEILEZ,
FREOBEORELTHLbENSB,
3-2. {EXENBEFHEIC 351 5 FBEOBIR
FEREFMIAMECEECREELNEATZOT, &
DAKORELRILD, RBVRIEHCHELTES,
Fig. 8127”3 & 5 i KT $v) 5 FE:ER L A UK
WERRFRCIFATES, Tibb B~ XTEh
ThhbblLigRi, BTok5cliitTss,

P,,=P; cos gy, 62 P,,,=P; sin B 63
€. 0, 0, €M, e"":_] (64)
0: |0, e 0] 69

RERIRHEOBED BB) REEHELELT
RAEEOKMBRIIOAC L s THDbHEh B,

A BROBER UIBIR T O EL BT -
TRETS L, BREOBEADORL D 5,

L4;=P2Py?[sin? Bre=27,0{sin? B1(sin* ,-sin ¢, e ",
~+cos? 81<sin?§,cos? 8, sin? ¢ ;D e 2o}
—+c0s2 Bre™2s,6{sin? 81¢sin? 6, cos? @, sin? ¢ ;De 2,0
—-cos? B1{cost 8,)¢"2,c} +4 sin B, cos B, sin B, cosg;
X{cos28; sin? 6; sin? ¢;De "0 M08 1,07 1,
X cos 83 cos 6”3)
=P2P,% 29,,*7 ., [sin? 8, {sin? 8,{sin* §; sin* ¢;)
~+cos? B1{sin? §; cos? 6, sin? ¢,;>e~24:}
+-cos? B, {sin? g,{sin? @, cos? §, sin2 ¢, )e~24'.
-cos? g1e~24ie~24{cost §,)}
-4 sin B; cos B, sin B, cos B;{cos? 8, sin2 8, sin 2¢;)
Xe 4ie=#. cos 33 cos 8’3} 60

ZOWRLBRFOBRMABKERD S, Fig.8ickh
i, ﬁ@fﬁ%ObuﬁﬁEEb&

cos P1P;=cos g; cos Bp-}sin g sin g,
Xy

A\
cos2 P1Py=cos? g cos? B,--2 cos 5 cos B, sin B sin S,

+sin? g, sin? 8, 69

DR L AW THHI>T & Table 30%EX 5 5,

HED X 5 e REEROEBEC BT S EXEBRE
PREGEOEBFTROBRIRORMIEL T » T\ FTHEIC
B0 T, ZZ TRz Table 3 iR LI C, 218
AL T—BEMRRH CERERFHEOB ST &, KRR
# Fi,, ZBAWCHET 2R %257,

Table 3
1 m Cln CIE
0 0 By[2 cos? P/l}‘z-i—l—cos’- B1(1—e=24) —cos? B, By sin 28, sin 28, (¢74e~%'. cos 85 cos 8’ 3—1)
X (1—e~24,) —cos? §; cos? B, (14-¢~24 e~ 24,
—3e 24,024 )]
2 0 B,[2 cos? Pﬁ’z—i—g cos (814 82) cos (B1—B2) +1 B, sin 28 sin 28, (¢74.e=%', cos J3 cos 8'3—1)

X (1—e™24,) —cos? §; sin? gy (1—e™24) ]

—12 cos? 8, cos? By(1—e24.e~24/)—sin2 gy cos? B,

2 2 By, (sin? B2{—6 sin2 ﬂl—COSZ B -e‘”.}
—Co0s2 B, sin? B1e~24,

—Bj; sin 28 sin 28,¢~4.e74. cos 55 cos 6’4

B, {—8cos? P/,}’2+20 cos? f; cos? 8

—4B, sin 28, sin 28, (¢"4e4/ cos 35 cos ¢'3—1)

4 0
--15 sin? B, sin2 8,—4) —8 cos? B; cos? B,
X (1—e 24¢724')) 4 sin? B; cos? B, (1—e~24.)
+4 sin? g, cos? By (1—e24) ]
4 o | Balsin? 8, {sin® g—cos? fre~24} ~—By; sin 28, sin 28¢~%e~%, cos 33 cos &'y
—cos? 8, sin? gy .e~?4,
4 4 B“ sin? ﬁz sin? [9)
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4
IA,-=klZ} Ny Fupp+ 117 (cos ©))
=0

}1/2 CF, { Zl—zl‘l }I/ZP, (cos )

InaES

k

APEsy

1

Il

F[ECLFiuPy (05 6) + 5, C FiP (c0s6)) )
=H{Bo[2 cos? P,Py+1—cos? §; (1—e-)
—cos? B, (1—e24.)
—c0s2 B c082 B (1+e~24 o248, —3e~24,07247,) ]
B, sin 28, sin 28, (e~4e~4}cos 85 cos §’'3—1)
+Ba[2 cos? PiP+9 cos (1482 cos (Bi—Fz) +1
" —12 cos? B; cos? By (1—e~24ie24))
—sin? g; cos? By (1—e~24.)
—cos? §; sin? g, (1—e™24) 1 Fp00 Pz (cos 6,)
+-B, sin2 B; sin 28; (¢~4e~4: cos 33 cos §'3—1)
+B4({—8 cos? P,P,-+20 cos? B, cos? f;
15 sin2 B sin? 8,—4} —8 cos? g, cos? 8,
X (1—e™24) 1 Fyo9 Py (cos ©;) —4B, sin 28 sin 28,
X (e 441 cos 53 cos 0'3—1) FypoPy(cos 0,)] 69

T CERARE Fi, &

Fao=1 (3¢cos? 0)—1) R¥
Fio= -é— (35¢cos* 8)—30{cos? 6)+-3)
THEBRE,

4. # B

R ENEE B TR S FRIER SO R 25
ffid 286, XY FThoESTHREC L ZREK
CHEEHROEELERTRETHY, FHRETIZhE
T bR 2 ied o e RETEOHE THr 2B AN
EOWTHATRELAFHOR L LADUTE, “OoRED L
C—EO R, RUBBEOBAISPWTLLThZh
AL, Zhi¥ T—EBEMRRAN TEREDOREPOLIE
WIS eFHORY I bI— B L b0 it X ),

Ok IEyFREORE, HERFSEELRTH
ETFVENCEER, —BEBP VA7 14 A OE A FHE
AL, RIFUHREZ TV 2 LhrLohbizd

¥FTHL—EORY, HEFTOBKFOFFLETLELT
RELTHY, SBESSTHERT LLLEEERY
BEERETRELELTWS,

E, PVA7Z 4V AOBEAFEOHRIF ORI
RETDHDTETH 5,
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