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Synthesis of Graphene Oxide Terbium Complex
Electrochemiluminescence Material and Sensitive
Detection of Tetracycline
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(1. Hehai College, Chongqing Jiaotong University , Chongqing 400074, China;
2. College of Biological and Chemical Engineering , Chongqing University of Education, Chongging 400067, China)

Abstract Graphene oxide with good electrical conductivity and high specific surface area was introduced into the
preparation of lanthanide complexes, and a well-conductive graphene terbium complex(GO-Th-COP) electrochemilu-
minescence(ECL) cathodoluminescent was synthesized. GO-Th-COP has higher ECL intensity, stronger conductivity,
and larger specific surface area than traditional complexes (such as Th-COP) because GO increases the conductivity
and specific surface area of GO-Th-COP, which further accelerates its internal charge transport, improves its electro-
chemical activity, and ultimately achieves strong ECL emission signals. A ternary ECL sensor for sensitive detection
of tetracycline (TC) was constructed with TC as signal quenching target molecule, GO-Th-COP as ECL emitter,

cubic ceria dioxide (CeO,) as co-reaction promoter and signal stabilizer, and persulfate ion (S,02") as co-reaction
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reagent, and the detection limit of the sensor was as low as 0.44 pmol/L(S/N=3). In addition, the sensor has high

selectivity, good stability and reproducibility, and has been successfully applied to the detection of TC in real
samples. In conclusion, the strategy of improving the ECL performance of lanthanide complexes by enhancing the
conductivity and specific surface area of the complexes provides new opportunities for the synthesis of high-efficiency
lanthanide complex ECL emitter.

Keywords Graphene oxide; Lanthanide complexes; Electrochemiluminescence; Tetracycline; Sensor
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FTR) . [R, $ETF ECLALIEEAGIN TC Y 52 805 Fka 2 A2 H AT B BFFE s,

A B (GO ) A SR I AL =, HA R KA . SRELF SR R4E GO
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Horr, B R FCA R A4 (Ln-COP) PRI LA 19 & Rt (4f-4fBRIE) , AN B I R A i RN R 1 R
R, B — P& Z TR AL ECLATEL. 124, Th & BB HLEEK . ThRu 48 A HLEERL . Ce/Th XL
SR BN R AW I Bu FEBLNL R A5 RS FL A E A OT R T ECLAZ A . ik Ln-COP &%
B A 98 T ECLAZ IR T, B R Z 505 0 1Y 3 ik 225 (— <107 S/m) , A 2650 3y 40 2%
R LAY R 2 A — R LS R OB IR M B A A, NI RZ i & JER I ECL M RE . % 1&
| GO HAT RIFAY S AR BRI FL, 7E Ln-COP (A Bt #2581 A GO AMUAE W HE— 2 5 Ln-COP
MR T, EREINPREC S IHESR N B H AT i i, FemdeveE v, i — 24T Ln-COP % ECL & G PERE AN
FREME. 4N Liang 554 GO 5] AF| Ln-COP Y&, 4 T M ELF B GoOtIREr, SC T 2,4-—
B FR DR RN I B PR 1 S ekl . H R, B GO B AR ECL & G il £ A7 38 .

T, ASCHSHRPEL | REFRM GO AZEAL A ECL &R Hil &b, G T —Fp S
PEUT | ROGIE S HASE R R A B4R S (GO-Th-COP) BA#: ECL & 64 . GO-Th-COP 5 2 BERK
PAE RIS MWCNTs-Th-COP #H L, ECLAF 5 B 34 [ Scheme 1(A) |, #t4F, GO-Th-COP 514t
e & [ sk B A 40 (Th-COP) JAH E, e B S 14 i, SR S0 18 A% (T4 B8 i B 12 24
317 Q, ECLAF 53 G MZY 11814 a.u. LATC KI5 5 ¥ K53, GO-Th-COP i ECL &G4, 7 7k
“AAARART (CeO,) R R AR FE R A E SRR I, A BRRRAR (S,05) M3 i), A T - TC Rk
M =6 ECLAZ &% [ Scheme 1(B) ]. CeO, [l 7E GO-Th-COP £ 1 , SZ¥H GO-Th-COP ECL {55 I 4M i
PR ; GO H T R AP A9 MR R A EL SRR, AU T L5685, i858 T GO-Th-COP ECL
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Scheme 1 Synthesis of GO-Tbh-COP and MWCNTs-Tbh-COP(A), the ECL mechanism of CeO,/GO-Tb-
COP/GCE and the proposed ECL sensor for TC detection(B)

ECL intensity/a

1 SEIGERS

1.1 RXFI 5

A s (GO, 4EE>99%) . TUIAZR[TC, CP(HREZL) || /K EmREL [ Th(NO,),-6H,0, 4l
99% | . NIKA T4 [ Ce(NO,),-6H,0, 4l 99.5%] ., 2,6-MlE-—JR R (DPA, 4l 99%) . Jo/K L1
(4lif#>99.7%) . N,N- " H ILH L (DMF, 465 99. 5%) . i R (K,S,04, ZliE>99. 7%) . A A AN
(NaOH, 4lifE>97%) . FALER (KCI, 41 99. 5%) . PUIRMER (AA, 211 99%) . R (UA, 465 99%) | fik
24N (Na,CO,, 4 99. 5%) | iR (MeS0,* 7TH,0, 4iJF 99%) | il (CuS0,-5H,0, 4l 99. 8% )1
R Hral, W 3£ E Sigma-Aldrich A A .

MPI-EI &Y B Ak o A (P4 4 i ila F 1B R A BR A w]) Fil CHI 660K Y H A2 T AF i
(¥ JRABAL B A B A W) ) F T HL AL 22 36 40E 3 PE-Frontier %) B 25 3 217 AR G3E AL (FTIR, 26 [# Perkin
Elmer 23] ) ;5 TU-1950 F 28 4h-1] TG (UV-Vis, Jb et F{Es A BRTTEA A, HE) | X Bt
HL T RE (Y (XPS, 22 [E Thermo Fisher Scientific 23 7)) F T A BHH B R AE . S-4800 U474 el 7 I ke i
(SEM, HZ HS7ALER A BRZA ) Al Tecnai G2 F20 7935 5 it 7 2 8% (TEM, S&[E FEIZA &) H FARHE
SFAE . CHR ARG BB (GCE, d=4 mm) N TAERML, £122 %t et , 4 A H R B il
(SCEVMERZ M. HRHERER 0~-1. 8 V, JEHAFHA 1 700 V, 434200 mV/s, ECL Al
RN B A7 0. 1 mol/L K,S,0, 19 0. 1 mol/L R 2% mh#k (PBS, pH=7.0).

1.2 SCIEFE

1.2.1 GO-Tb-COP &y #] 4 ¥f 1 mg GO 1% 2 mL DMF /1, #RJ5, JILA 5 mL Th(NO,), - 6H,0 I
(0. 04 mol/L, Te/K ZLEEAER) , Hidk 12 h 5 &0, H DMF Peik, #5159 20 49 [ R 53855 2 mL DMF .
FRH70. 01337 mg/mL 2, 6-MLBE- —FRER [ DPA, #5720 DMF FIJG/K ZEE(1: 1) T Fik GO /i,
F 160 C/AKISZ R 12 h, IV EEH G, B0 FHIEK ZEERUK SS9, id 8 GO-Th-COP. 5 , ¥
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GO-Th-COP FH /3 H1 3 1 mLAKH, SR FREAER .

122 CeO,th#| %  RFKPGES % A b5 (Ce0,) ™. B, ¥ 6.9475 g Ce(NO,),6H,0 7T 5 mL
K, 1930 — BT, B S8 A 35 mL NaOH (14 mol/L)H, #i#4E 30 min 5, T 160 “C/K#A
SN 24 h, A3 E57 7R CeO,.

123 $BEMmeH 4 B, FH0.3H10.05 pm a-ALO K A AR BB HL B (GCE) il G AL 3, B 1
VEESE . BEE, # 10 pL &OEIREY (1 0. 5 mg/mL GO-Th-COP F136. 8 mg/mL CeO, F AL 1: 11R A
ZH ) A 2 GCE &1, i F T, 55 Ce0,/GO-Th-COP/GCE. VIAN[RIHEE 1) TC M5 SHEKH], 52
PR RGN TC.

2 GRS

2.1 GO-Tb-COP #1 CeO,HJFRAE

% F SEM #1 TEM Xf GO-Th-COP BYJE S #1471 R AE . 40l 1(A) F1(B) 7R, GO-Th-COP R ik
ORGSR, GO RMHIISIMUEE, K GO A BB AR B A INE A . X TS (SAED)
25K, GO-Th-COP HA7 ML Ay B8 f e 5 T2 A% [ 16 1 (C) ]. BE L (8 X 5 2k (EDX) 20 Hr R W,
GO-Th-COP (1 C, O, NFITh A K, H A ICEAE GO-Th-COP A5 [EI 1(D) . KA SEM Ak
T CeO,[ F 1(E) JF1 Ce0,/GO-Th-COP & &1 I 1(F) JRTESH e RSt S5 5R KM, CeO, AN KT T
&, R 25 100~400 nm. 7E CeO,/GO-Th-COP & & # k1, CeO, Bt %5 7E GO-Th-COP K 11 , 2 | F3 &
GO-Th-COP ECL{E SR H K.

S5 nm™!

Fig.1 SEM(A) and TEM(B) images, SAED image(C) and relative elemental mappings(D) of GO-Th-COP,
SEM images of CeO,(E) and CeO,/GO-Tb-COP(F)
S FTIR, UV-Vis Fl XPS 2 AE T GO-Th-COP Y 2H /&%, . W& 2 (A) i, Bk 2, 6- Nk g - — ¥R R
(DPA) %48 | 1700 F11419 em™ &b By W i -—COOH 1 C=0 MM 45 3R 3h (%2 o) ; TR GO (G4 b)
LR 13400, 1730, 1220 F11050 em™ B i 4351 O—H, C=0, C—O0—C 1 C—0 B4Rz ; 24

Chem. J. Chinese Universities, 2025, 46(3), 20240361 20240361(4/10)



g E2 s Hag g K

I I I CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ﬁﬂ:g_"ti/t\.j

a®) ®

1700 — 1419

>

12200 Tos0
b 11058
L3435 14421933
1 1 1 1 1 1 1
3500 2500 1500 500 200 300 400 500 600
Wavenumber/cm™! Wavelength/nm
© o, O Cew Survey (D) o (E) N..

1s
1s
J_L_N%
1 1 1 1 1

1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 525 530 535 540 392 396 400 404 408

Binding energy/eV Binding energy/eV Binding energy/eV
) Ci (O] H)
Tb4d Cead
1 1 1 1 1 1 1 1 1
275 280 285 290 295 146 148 150 152 870 885 900 915 930
Binding energy/eV Binding energy/eV Binding energy/eV

Fig.2 FTIR spectra(A) of DPA(a), GO(b) and GO-Tb-COP(c), UV-Vis absorption spectra(B) of Th
(NO,),-6H,0(a), DPA(b), GO(c) and GO-Tb-COP(d), survey XPS spectra of CeO,/GO-Tb-
COP(a) and GO-Th-COP(b)(C) and XPS spectra of O, (D), N, (E), C,(F), Th,,(G) and Ce,,
(H) in CeO,/GO-Tb-COP
GO, DPA 5 Th*JEJR GO-Th-COP J5 (3#%k ) , 3400, 1220 11050 em™ AL AJIEZIFS 28 3435, 1233 F11058
em™ Ak, BEHH GO 5 Th™ & AERIAL. GO-Th-COP 15 DPA AH EL, WA 53185 %5 1730 F1 1442 em ™ 4b, UESE
DPA 5 Th™BLfi. F2(B)H, 300 nm Ak AU Th(NO,) 1 Th* Y- FBRAE (3 2k @), 270 F1 275 nm AL
WAy DPA Y r—ar* BRAE™ (35 4k b)) , 236 nm ARRFAEIR ISR GO 15 I BT (154 ) 5 24 GO,
DPA 5 Th* B i i GO-Th-COP Ji5 (34 d) , 236 nm b A AEIAZTF4 5 280 nm, 270 F1275 nm &b A 4E
HEWELT % 22 300 nm, 300 nm &k FERFIE LT RS 28 314 nm, J5 R 2 B0 S W 0 S 800 inss , BB 2575/,
it LI 06 21 710, SR ] XPS % GO-Th-COP H1 CeO,/GO-Th-COP 5 4 44 K k1 B i 41 i 47 T BF 5%
[E2(C)~(H)]. 284.18, 532.28, 399. 38, 150. 08 eV Kb F4FAEIES HIXT N C,,, O, N, FlTh,,. Ce,,
FRAE W7 T 881. 94, 888. 48, 897. 94, 900. 35, 907. 01, 916.21 eV, GO-Th-COP F %11 C,., O,,, N,
1 Th,, A (3% b). Ce0,/GO-Th-COP F% 1 C,., O,,, N,., Th,, Fl Ce, ZH M (%L o). DL FE5HRFH,
GO-Th-COP F1 Ce0,/GO-Th-COP & & M K 2y il 4% .
FIFH ECLOGIEHFSE T GO-Th-COP (24 E . 4 3(A) fiizs, GO-Th-COP/S,03 A& & ) # K ECL
KRN 716 nm (MR b) , 51558 0./S,05 R R 19 B R A S 567 nm (4% o) FHLZLES T 149 nm,
A S5 19 & GRSl GO-Th-COP, H BA 2106 R G RetE . R AT LAk 2= B 4T (EIS) & ECL 3RAE T
GO-Th-COP [ 7L EF ECL &G RE . 25 REW, SESRE G4 (41 Th-COP)AHLL, GO-Th-COP ALk
“ERHAE BN 317 QL 3(B) ], (B ECL{E SR A N2 11814 a.u. [E3(C)]. M4 Randles-Seveik
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FFE?, Ce0,/GO-Th-COP/GCE Fil CeO,/Th-COP/GCE 1% 825 ) Fb 3¢ 18 #1443 51 4 0. 1148 F10. 1091 em’.
FKHHUEAEYITSIA GOJE, GO-Thb-COP [ LR I B3 K, FEOL R MR, (2if TRCEY N H
iz, INIMBESE T GO-Th-COP A ECL {5 S5 .

A)

300

500 700 900

Wavelength/nm

450

| (B)

° g K
. RN,
;a % \j’, b
I 1 I
250 500 750 1000
VAL

10-3ECL Intensity/a.u.

18
151

12 -

20

Time/s

Fig.3 ECL spectra (A) of O,/S,0; system(a) and GO-Tbh-COP/S,0;" system(b), electrochemical impedance
spectroscopy(B) of GO-Tb-COP(a) and Th-COP(b), ECL signals(C) of GO-Th-COP(a) and Tbh-COP

(b) in 0. 1 mol/L K,S,0; solution

HIRFAGIERAR 0 ML, MK T A RME I AR ) ECLAE % . W 4(A) Fr7R, 7£0. 1 mol/L [ PBS
MR, B GCE(HIZE o) 1 ECLAE 534, GO-Th-COP/GCE (4R b) fE7EMES I ECLAR S, %
B GO-Th-COP u] LL#RAS 74 % H i 355 1 (GO-Th-COP) ™. 7E54 0. 1 mol/L K,S,0,1 0. 1 mol/L PBS
AR (pH=T7. 0) ", #R GCEAFAETI ECLAE 5 (H1Zk ), iX 2 S,02 78 B B 7 Ab 3R A5 i 74 % SO, 5
HHJZ GO-Th-COP/GCE i ECLAF 5 B B3 n (fhZke) , WSO, 5 GO-Th-COP™ S W AE B T = BEIHUR A&
GO-Th-COP", GO-Th-COP"i& [m R P A M58 1 ECLAR 5 . EAh, 7E54 0. 1 mol/L K.S,04 1 PBS 2%
MW, 58 GCE(H1Zk ¢) 1 GO-Th-COP/GCE (H14k e) # L, CeO,/GCE (4% d) Fil CeO,/GO-Th-COP/
GCE(HIZE ) 43 3 HA & 1 ECLASE SR B, X F CeO, AT AE Ry s i ik 1], 42155 S,02 Ay id J5 sk
B, JEM A E 2 59 S0, CeO, FEMR R AHE T Z 8RN, BERT/E Ry 3 5 R 58 ECL &,
Nl UAE RS RREMRE ECLAYE. WE 4(B)fiR, GO-Th-COP/GCE #5300 s J5 , ECL{5 5 A%
E(HZk @), 1M Ce0,/GO-Th-COP/GCE F34#i 300 s ) ECL A5 S IEA AR K A AL (M £k b) , AHXTFRUE (W 22
(RSD){X R 0. 65%. SLIZERFH , Pl AL ISR e e AT
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Fig. 4 ECL behavior(inset) of bare GCE(a) and GO-Tb-COP/GCE() in 0. 1 mol/L. PBS(pH 7. 0) solution,

ECL behavior of bare GCE(c), CeO,/GCE(d), GO-Tb-COP/GCE(e) and CeO,/GO-Tb-COP/GCE(f)
in 0. 1 mol/L K,S,0; solution(A), ECL response(B) of GO-Tb-COP/GCE(a) and CeO,/GO-Tb-COP/

GCE(b) scans for 300 s
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SR

PEIRALE(CV) |« FALZ#BESE (EIS) i ECL RAE . A& 5(A) fir
N, S8 GCEGEL a) I, Ce0,/GO-Th-COP/GCE(ELL b) AU LR/, X FEEH T Ce0, 2511
HUPE TS, I A 1 mmol/L TC 1, %fﬁﬁ%ﬁ%ﬂﬁ 4 LB R AR ) 00 T A S LR T RS T R
(7% c). WES(B) FiR, (L B (R,) t BT IE o 2 R B AR PO e, e 4553 5 v 25 51—
. A, W) ECL R B - ] ph £ XL Iy B@W@ﬂﬁﬁﬁ?ﬂﬁ—%}%ﬁ, WES(C)FIR, Ce0,/GO-
Th-COP/GCE (3% b) i ECLA5 5 Bl .= FAR GCE(1%Zk o), 4IIA 1. 010 mol/L TC J& , H1F TCHEK

-
Cu

2.2 HBEREHEERIER KRS
XA R F R AT T LAk

ECLA5 S, AL RER 1) ECLAE

SRR TR (L ¢). CV, EIS Ml ECL FRAF 45 5 26 B 44 I8 35 14 1 2

il 45 .
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Fig.5 CV curves(A), EIS diagrams(B) and ECL responses(C) of GCE(a), CeO,/GO-Tb-COP/GCE(b)
and Ce0,/GO-Th-COP/TC/GCE(TC: 1. 0x10~* mol/L)(c)

BRIE T IR pHAE . & CIRIARTFR . GO-Th-COP & il it 52 Bt a1 AL
X ECLAS S H2m . an& 6(A) i , 1B IES 1 ECLAE 5 3 5 Bl pH (R (0 B S5 458 5 T I, 78 pH=7. 0
AR B ek . ROGIRIRIEXT ECLAG S 5% A 52, WK 6(B) TR, ECL 5% Bk & YRR i 36 K

MR R ECLTERE,

' 16 +(A) 15 LB
E! E
z z 14r
= 10t £ BF
= =
O
Dot g
s S
i 1
4 1 1 1 1 1 1
4 5 6 7 8 9 0 8 10 12 14 16 18
pH
11 O 10 (D)
= =
s L s 9F
g =
= 2 8t
20T 2
— i) 7L
O 8k
a 2
= 7L = 6
5k
6 1 1 1 1 1 1
6 8 10 12 14 16 1 120 140 160 180 200
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Fig. 6 Effects of pH of co-reactant K,S,04(A), volume of CeO,/GO-Tb-COP(B) on electrochemilumi-

nescence intensity, reaction time(C) and reaction temperature(D)
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HasE, M RO R 10 pLB, ECLAS 558 B BRI EY, IR N R G IRFRAkSE
F, BN T AR MERUR R, AR T A HIE, 48 10 pl CeO,/GO-Th-COP & 1A it &
pH=7. 0 BRI TR 225255 . IbAh, 8% %L T GO-Th-COP A5 B S0 it [A] AL B2 X ECLAS 54
SN . 7E GO-Th-COP-& i #2r, 2R ikl fy 6 h 341 16 h, ECL{5 SE s 2855, 78 12 h 5 514
KERK[E 6(C) ]. GO-Th-COP A B FE H 5 by il BEXT ECLAS 5 s an &l 6 (D) iR, ECLAR 5B
LI B B BE I AE 5, AE 160 CJE R BBt T4 . B, #E6 A GO-Th-COP B, /K
FUN R A 160 °C, BFE] A 12 h.
2.3 TCHIfE R

AP A e 1 ATV R, B2 A% 8 FH AR AN [R) R 52 TC 1Y ECLm 1, . &5 5 an /&l 7(A) fir
7, ECLAG 5B TC e BE W3S BB A%, H ECLAE 528k 228 AICAI=1, - 1, 1A 50 A ERZS I RIAS[H]
TC U BE T 5 3% 19 ECL 38 ) Bl 45 TC Wk BE 3 inii 3 K[ &1 7(B) 1, 7E 1. 0x10"°~1. 0x10™* mol/L A £ 1
YR N, AT TC e B B X B 2R e & . 4P 2 o AI=896. 51gc+12289. 5 (R*=0. 990) , £ Il B
(LOD) >4 0. 44 pmol/L(S/N=3). 5 HAhZ R 5 kA7 (F 1), CeO,/GO-Th-COP/GCE HAT A X #:{I%
FILOD . BESE A ZRMTE I, 7E RS W & HL a8 BRI T
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Fig.7 ECL responses of TC modified electrodes with different concentrations(A) and linear relation-

ship curve(B)
(A) TC concentration/(mol L") , a—j: 0, 1.0x1072, 1.0x107", 1.0x107'°, 1.0x10™, 1.0x10°%, 1.0x107,

1.0x107%, 1. 0x107°, 1. 0107,

Table1 Comparison of different TC detection methods

Method Linear range/(mol - L™") LOD/(mol - L") Ref.
Fluorescence 1.0x107—1.5x107° 1.3x107* [30]
Colorimetric 3.0x107"—6.0x10™ 5.0x107 [31]
Chemoluminescence 2.0x107—5.0x107° 6.0x107 [32]
Electrochemistry 5.0x107—5.0x107° 1.8x107* [33]
Photoelectrochemistry 1.0x10""—1.0x107® 3.0x107 [34]
ECL 1.0x107"*—1.0x107 4.4x107" This work

24 (REEERETIIERE ST

WE 8 (A)FR , T AT, BIFPUAMAR(AA), Na*, K*, Ca®, Mg*, Cu™, SO7, CI,
CO>FIRTR (UA)TEAS TGS e . 241 1. 0x10™" mol/L 4 TC Hh4: Blin A 100/% T )5, #
MR ECLAG 5 Jo B 28 4k, UF BIAY S A5 B AT AR A I B . PP Al A AR e e 1, 3%
e R — S 15 8 (1. 0x107* mol/L, TC), HECL{5 5 3AFaE , RSD M 0. 4% K 8(B) ]. H#&1fi
T2 T ROBHE(E3, 5, T KR)G, HECLIRE D5 FFE4. 6%, 7.6%, 9.4%, 11.5%. Ak, if
AT AL AR A R e M, W 8 (C) TR, X F AR Z& 44 T il £ 1 6 St rtl , HECL {5 S{EHET,
RSD M 1.9%. VA B&5REH , AL A LRk e .
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Fig. 8 Effect of interferences on the ECL response of TC(A), ECL response of the sensor with 15 consecutive
scanning circles(B), and reproducibility of TC detection by the sensor(C)

2.5 EERFEMEIS T

R T WRGEZAL AR 1 E R, SR IR RIS 5605 T F SR KFE S TC VR . 1%, BU10 mL
IKFE, B0 E)ZTH A 0. 45 um BT IE , BESHEIEWA 0. 1 mol/L K,S,0,(pH=7)Fi B 100 %, A )5
AR TRR BE ) TC, W5E ECLSREE . 55K WZR 2 Uron, TC B IR 100. 5%~107. 2%, RSD 4
1. 4%-~2. 8%, SCHRZE R, Friy A ECL AL G BEAF XA Hulll 2 kK TC, HAT HEAE R SEBR I

HifiE

Table 2 Determination results of TC in tap water samples

Sample Added/(mol - L") Found/(mol -1.™") Recovery(%) RSD(%)(n=3)
Tap water 1x107 1.047x1078 104.7 2.8
1.072x107¢ 107.2
1.005x107® 100.5
1x107 1.054%x107° 105.4 1.4
1.028x107° 102.8
1.021x10™ 102.1
1x107"° 1.023x107"° 104.8 L5
1.016x107"° 102.3
1.050x107'° 101.6
1x107" 1.023x107"! 1023 L5
1.047x107" 104.7
1.059x107"! 105.9
3 %4 %
I ] B K B B B T — S F PR L SRR L AOGAE 5 5 I GO-Th-COP ML Bk 7 KOt
P, o, S GO MBI TRAN TS GE 0 A 40 5 b R 22 0 Bl A, R T L4 0 P4 W 197 9 4

PEHEE SR B L2215 T, SEE T GO-Th-COP 5 i ECL & )% . KAk, CeO, Mt 7E GO-Th-COP i , 5L
BT GO-Tb-COP ECL {5 S W AMNEMER A ; GO T HA R S RMEMBE R LB, SE|T
GO-Th-COP ECL{Z BN TEVEE & . JET I, 4 CeO,/GO-Th-COP & A A BHEMi B F Ak F 18 , F1H CeO,
VEMAE SRR AN S s 5], A T n] FH T RV TC AL IER . A G FEIRIE 15 YL TC 1Y
R e JR R AR A3, A R IR I R B s B ik

& £ X #k
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