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Study on the synthesis of novel TiO;-copper porphyrin catalyst and

photocatalytic degradation of methyl orange
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Abstract : In order to study the effect of different length side chain catalysts on photocatalytic degradation of methyl orange
solution, solving the poroblem of water pollution control, four novel porphyrins and their corresponding copper complexes are
synthesized from the starting material 1-naphthol, and their structures are characterized by MS, NMR and elemental analysis.
Novel TiO,-porphyrins hybrid systems are prepared and its photocatalytic activity is investigated by photodegradation of methyl
orange in aqueous solution under visible light. The results indicate that when there are side chains on the benzene ring of
copper-porphyrin derivatives, the photocatalytic activity of substituted TiO.-copper porphyrins is better than TiO.-copper
tetraphenyl porphyrin, but the effect of the side chains length on the activity is not obvious. This study provides an idea for the

synthesis of highly efficient catalysts in the future.
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Fig. 1 Synthesis route of target compounds
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X4 FIEF BARIE S E A, TR R IE ,AV500 BB REIERE Y (£ E Bruker A & 3RHD) , Fiitk R F %
H VG AR K VGZAB-HS B i {047 2 » ST Yetb 22 R A (AR A bR B A R A AR 4D , X G4k
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1.2 k1 &R

A 1 & RS Besk19].
1.2.1 3-FEE-1-BRALCHEE 1a)

WEABIEK, &K 91. 6%.'H NMR (500 MHz, CDCl;) § (X 107%),2. 42 (m, 2H,—CH,),
3.89(t,J= 6.3 Hz, 2H—CH,Br), 4. 33 (t, J = 5. 9 Hz, 2H,—OCH; ), 6. 8 (m, 1H, Naph),
7.41(m,1H,Naph),7. 48(m,1H,Naph),7. 53(m,2H, Naph), 7. 85(m, 1H, Naph), 8. 28 (m,1H, Naph),
MS.m/z 215.1 ((M+H]") amu.

1.2.2 4-ZEEE-1-RT ke ChEk 1)

WS 42~44 C, =% % 89. 4% ' H NMR (500 MHz,CDCly) 8§(X107%),2.11 (m, 2H,—CH,),
.18 (m, 2H, —CH,), 3. 56(t, J=6.5 Hz, 2H,—CH,Br), 4. 19(t, J=5.8 Hz, 2H,—OCH,),
.81(m, 1H, Naph), 7. 36 (m, 1H, Naph), 7. 44 (m, 1H, Naph), 7. 48 (m, 2H, Naph),
.81(m, 1H, Naph), 8.27(m, 1H, Naph), MS:m/z 229. 4 ((M-+H]") amu.,

2.3 S-ZEAEEE-1-TR L (R A 1ot

WEEABIA, &N 2. 5%,'H NMR (500 MHz, CDCl;) §(X10°%),1. 78 (m, 2H, —CH,),
.00~2.06 (m, 4H, —CH,), 3.46 (t, 2H,—CH;Br), 4. 20(t, 2H,—OCH;), 6. 81(m, 1H, Naph),
.32 (m, 1H, Naph), 7. 44 (m, 1H, Naph), 7. 53 (m, 2H, Naph), 7. 83 (m, 1H, Naph),
.28(m, 1H, Naph), MS: m/z 243.2 ((M-+H]") amu.,

L2.4 6ZFEEHE-1-HO (P EE 1D

MR 76~78 C,/=& % 87. 8% .,'H NMR (500 MHz, CDCl;) §(X107%),1. 56(m, 2H,—CH,),
.78~1.91 (m, 6H,—CH,), 3.42(t, 2H, —CH,Br), 4. 11(t, 2H,—OCH,), 6. 85(m, 1H, Naph),
.34 (m, 1H, Naph), 7. 45 (m, 1H, Naph), 7. 56 (m, 2H, Naph), 7. 85 (m, 1H, Naph),
.27(m, 1H, Naph), MS:m/z 257.3 ((M+H]*") amu,

.3 HEdk 2 AR

A 2 B & RS Bsesk19].

1.3.1 4-(-FEEE-WEEL-FHEChE{E 22)

MR 46~48 C,m % FK 62. 3% ,'H NMR (500 MHz, CDCl;) §(X107%),2.26 (m, 2H,—CH,),
.18(m,J = 6. 0 Hz, 2H,—CH,0), 4. 26 (m, J=6. 0 Hz, 2H,—OCH,), 6. 81 (m, 1H, Naph),
.00(m, 2H, Ph), 7. 35 (m, 1H, Naph), 7. 45 (m, 2H, Ph), 7. 47 (m, 1H, Naph),
.81(m, 1H, Naph), 8.24(m, 1H, Naph), 9.88(s, 1H,—CHO), MS:m/z 257.3 ((M+H]*) amu,
3.2 LU-RERE-TEE-FHECPEE 2b)

SR 72~74 C, 2R K 67. 1% ,'H NMR (500 MHz, CDCl;) §(xX10°%),2.14 (m, 4H,—CH,),
4.18(m, J=6. 0 Hz, 2H,—CH,0), 4. 23(m, J=6.0 Hz, 2H,—OCH,), 6. 81 (m, 1H, Naph),
7.00(m, 2H, Ph), 7. 25 (m, 1H, Naph), 7. 45 (m, 2H, Naph), 7. 48 (m, 1H, Naph),
7
1

- 00 ~3 — 0o = N — N o b

— N N

.81(m, 3H, Naph+Ph), 8. 24(m, 1H, Naph), 9.88(s, 1H, —CHO), MS:m/z 271.3 ((M+H]") amu,
3.3 A G-FREE- AR -FHEE(PEMEK 20

R 56~58 C,=% %K 60.1%,'H NMR (500 MHz, CDCl;) §(X107¢),1.78 (m, 2H,—CH,),
1.92(m, 2H, —CH,), 2. 01(m, 2H,—CH,), 4.08(t, J=6.0 Hz, 2H,—OCH,), 4.17(t, J=6.0 Hz,
2H,—OCH,), 6.79(m, 1H, Naph), 6. 99(m, 2H, Ph), 7. 35(m, 1H, Naph),7. 43~7. 49(m, 3H,
Naph), 7. 78 (m, 1H, Naph), 7. 80 (m, 2H, Ph), 8. 26 (m, 1H, Naph), 9. 87 (s, 1H,—CHO),
MS:m/z 285. 1((M-+H]") amu,
1.3.4 4-(6-FEE-CEE - FHEEChEIEL 2D

Yk 86~88 °C, 75 & W 61. 1% . H NMR (500 MHz, CDCL) §(X106),1.57~1. 70 (m, 4H,
—CH;), 1.92 (m, 2H,—CH;), 1.98 (m, 2H,—CH,), 4.05(t,J=6.0 Hz, 2H,—OCH,), 4. 16(t, J=
6.0 Hz, 2H,—OCH,), 6. 78(m, 1H, Naph), 6.98(m, 2H, Ph), 7.36(m, 1H, Naph),7.37~7. 48(m,
3H, Naph), 7.78(m, 1H, Naph), 7. 81 (m, 2H, Ph), 8. 26(m, 1H, Naph), 9. 87(s, 1H,—CHO),
MS:m/z 299.4 ((M+H]J") amu,
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1.4 HHRUSYHERH
L4.1 &% 3 am

TEREHEP T ¥ 5.0 mmol B EE 2,1. 59 g(15 mmol) FZEFEE, 1. 4 mL (20. 0 mmol) #¥ il I% X
600 mL H A AEZE IR T HEHE 15 min, M0 0. 03 mL A =FALT Z Bk 10 mL &5 MW, TR T R
48 h, A 0.85 g (3.75 mmoD) i) DDQ 4k %L M. 30 h, ZEBRIE N, &4 A% B BB &Y 30,

1)5,10,15- =3 F-20-(4--FREE W AE)-H ) 1ok (L& ¥ 3a)

JEE KT 300 C,7= &K 7.6% ., Anal. Caled. for C;; HyN,O, (%) :C, 84.00; H, 5.19; N, 6. 87,
Found C, 83.82; H, 5.27; N, 6. 96. 1H NMR (500 MHz, CDCl,) §(X107%),—2.76(s, 2H,—NH),
2.43(m, 2H,—CH;), 4.32(m, 2H,—CH,0), 4.40(m, 2H,—CH,0), 7. 27(m, 2H, Ph), 7. 53(m,
2H, Ph), 7.73(m, 12H, Ph), 8. 11(m, 2H, Ph), 8.22(m, 7H, Naph), 8. 87 (m, 9H, pyrrole+Ph),
MS.m/z 815.4 ((M+H]") amu, UV-vis (CH,ClL): Am (nm), 418(Soret band), 515, 550, 591, 646
(Q bands),

2)5,10,15- = H-20-(4-(4-FRET A& -FH) Mk (fb 59 3b)

KA KT 300 °C,7% %% 6.9%, Anal. Caled. for C;s H,yN,O,(%): C, 84.03; H, 5.35; N, 6.76,
Found C, 84.23; H, 5.39; N, 6.87, 1H NMR(500 MHz, CDCl;) §(X107%),—2.76(s, 2H, —NH),
2.28(m, 4H, —CH,;), 4. 35(m, 4H,—CH,0), 6. 88 (m, 2H, Ph), 7. 23~ 7. 81 (m, 15H, Ph),
8.36(m, 2H, Ph), 8.38(m, 7H, Naph), 8. 89(m, 8H, pyrrole), MS;: m/z 829. 3((M-+H]") amu,
UV-vis (CH;Cl,) : Amax(nm), 418(Soret band), 515, 551, 591,645 (Q bands),

3)5,10,15- =K H-20-(4-(5-FR AL EITD) -FH) Mk (L& 30

KEEKRTF 300 °C,7% &% 6.7%, Anal. Caled. for Cs HisN,O,(%): C, 84.06; H, 5.50; N, 6. 65,
Found C, 84.32; H, 5.67; N, 6.78, 1H NMR (500 MHz, CDCl;) §(X107%),—2. 74(s, 2H,—NH),
1.84(m, 2H,—CH,), 2.02 (m, 4H,—CH;), 4.17(m, 4H,—CH,0), 7.20(m, 2H, Ph), 7.40(m, 2H,
Ph), 7.76(m, 13H, Ph), 8.07(m, 2H, Ph), 8.21(m, 7H, Naph), 8.88 (m, 8H, pyrrole), MS: m/z
843.5 ((M+H]") amu, UV-vis (CH,CL) : Apex(nm), 418(Soret band), 516, 551, 591, 646 (Q bands) .,

4)5,10,15- =% H-20-(4-(6-ZRAZE T A -FH) "ok (fb 54 3D

IR KT 300 C,/= RN 7.0%; Anal. Caled. for Cs His N, O, (%) : C, 84.08; H, 5.65; N, 6. 54,
Found C, 84.25; H, 5.89; N, 6.66,"H NMR (500 MHz, CDCl,) §(X107%),—2, 74(s, 2H,—NH),
1.69(m,4H,—CH,), 1.97 (m,4H, —CH;), 4.15(m, 4H,—CH,0), 7.19(m, 2H, Ph), 7.37(m, 2H,
Ph), 7.45(m, 2H, Ph), 7.73(m, 11H, Ph), 8.20(m, 2H, Ph), 8.33(m, 7H, Naph), 8.89(m, 8H,
pyrrole), MS: m/z 857.1 ((M-+H]") amu, UV-vis (CH,CL) : Amx(nm), 418(Soret band), 516, 551,
591, 646 (Q bands),

L4.2 L&Y 48

W¥ribE 4 3 (0.10 mmol) (EEER4H (0. 026 g, 0.18 mmoD) } 25 mL —EFIEF=EE XMW 1~2 h, TLC
R B 56 4, Gt U R BRI TS B P L R A B R B A Y 47,

1)5,10,15- =K F5-20- (4-(3-ZREFE N A1) 2R ) i Uk (P& 97 42)

BE KT 300 C,/=%E % 93. 6%, UV-vis (CH,ClL) : A, (nm), 416 (Soret band), 539 (Q band).
Anal. Caled. for Cs; HyyCuN, O, (%) :C, 78.11; H, 4.60; N, 6.39, Found C, 78.25; H, 4.80; N, 6. 36,

2)5,10,15- = H-20-(4- (- ZE R IE T ) -H ) -k (fb 59 4b)

KEEK T 300 C,=E K 94, 9%, UV-vis (CH,CL): An. (nm), 416 (Soret band), 539 (Q band).,
Anal. Caled. for Cos Hy CuN, O, (%) : C,78.23; H, 4.75; N, 6.29, Found C, 78.45; H, 4.89; N, 6. 46,

3)5,10,15- =K 3-20-(4- (G- A FE LA IR ) S bk (fL &9 40

KEE KT 300 C,=®% 92. 7%, UV-vis (CH,CL) : A (nm), 416 (Soret band), 539 (Q band).,
Anal. Caled. for Cso Hy, CuN, O, (%) : C, 78.34; H, 4.90; N, 6.19, Found C,78.52; H, 4.89; N, 6.06,

4)5,10,15- =5 H-20-(4-(6-FF A I O A I -F ) F ik (b & 9 4D

KEE KT 300 C,=#H % 90. 3%, UV-vis (CH,ClL) : Amx (nm), 416 (Soret band), 539 (Q band).,
Anal. Caled. for Cg Hys CuN, O, (%) :C, 78.45; H, 5.05; N, 6.10, Found C, 78.25; H, 5.29; N, 6.06,
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1.5 Cu-IpE-TIO, e85 B %l &

¥ 6 pmol ) Cu-fhsk (kG4 BT 25 mL W _EH B, A 0.2 g iy TiO, , FERBHE8 h, R
VR AR T TR B BB EOR 4a-TiO, , 4b-TiO,, 4c-TiO, Ml 4d-TiO,™,
1.6 YfEH =X

FRELO. 1 g FIBEOR, N A S 100 mL &V E R 10 mg/ mL ) HF B R, @ 6HEHE 30 min 35 2|
WM. FE 300 W, 24 VAR EE T i3 30 min, BUHE 3 mL, KA i 2.0 10 min, B b5 W 7E 464 nm T
BRI EEEDY . AMINZEIRK RIS E ZEORZE . ER LRSS, AR ST AR 150 min,

2 GR5iHE

2.1 7 4a, 4b, 4c, 4d-TiO, BB K 5T £ SM AT L S8 43 47

&Y 4a, 4b, 4c, 4d-TiO, K8 5L 40T WEIE WK 2, B & 2 /%0, TiO, 7E 400 nm Pl _E ¥ A K
e, 4a-TiO,, 4b-TiO,, 4c-TiO,, 4d-TiO, £ 420 nm (Soret band) F11 541 nm (Q band) 378 ¥ HE Rk UL, It
W Wi 5 R bk (AE & ) O TE R S R g — 3, HR A T8 (416~420 nm) . B I H0HE 7T 40, 4
Ahek B 2R B TiO, R, I AL T TiO, RIKTEH .
2.2 3E#F 4a-TiO,, 4b-TiO,, 4¢-TiO,, 4d-TiO, By X 5§ & 6751 4> 47

4a-TiO,, 4b-TiO,, 4c-TiO,, 4d-TiO, Yy X GF£AT & 547 L& 3

44-Ti0, ‘ 44-Ti0,
4¢-TiO, 4c-Ti.02
4b-TiO, | 4b-Ti0,
4a-Ti0, ! 4§-T102
TiO,(P25) ;{ TiO,(P25)

= ®|

R =

=

Y N N, N N
0 1 R E—— 1 1 L I
300 400 500 600 700 800 20 40 60 80 100
K /mm 20/ (°)
@ 2 4a—TiOZ ’ 4b‘T102 ’ 4C_Ti02 ’ 4d_T102 é{J @ 3 4a—Ti02 ’ 4b‘TlOz ’ 4C_Ti02 » 4d_T102
B R AR b T L A% 8 X 5+ & ATH
Fig.2 UV-vis diffuse reflectance spectra of the bare Fig. 3 XRD pattern of the bare TiO, and 4a-TiO, ,

TiO, , 4a-TiO;, 4b-TiO,, 4c-TiO,, 4d-TiO, 4b-TiO, » 4¢-TiO, , 4d-TiO,

B & 3 74l ,4a-TiO, , 4b-TiO,, 4¢-TiO,, 4d-TiO,7E 25.4°, 37.9°, 48.1°, 54.1°, 62. 8°F1 68. 4° H ¥
TRHERT B0, HAT SR B 5 TiO, —2B0, ANk 5 30 4E Ti0, REEIF AR H B L5H .
2.3 4b-TiO, # TiO, WHEHE FEMBESH

&l 4 &4 TiO, M 4b-TiO, #y SEM &, f &l 4 WA, B ¥ 55 E A AH [F] i 22 E RS 5 3 156 BH 4 A ok 57 2%
£ TiO, R, EIF AL RS

a) Ti0, , 500 nm b) TiO, , 1.00 pm ¢) 4b-Ti0, , 500 nm d) 4b-Ti0, , 1.00 pm
B 4 TiO, ## 4b-TiO, #4924 & T Z M5
Fig.4 SEM pattern of the bare TiO, and 4b-TiO, catalysts



458 o BBk % E i 2017 4

2.4 NEAXBERSH

DA [5] e 8] 46 s B9 T ' B8 5 B S 48 9 T ' B Y 1.0 :ﬁ-STioz
FLAE S\ A 4 B IR B A AR A P A B 5. B 440,
CuTPp P4 1), B 5 7 %1, CuTPp, 08 O
1a-TiO, , 4b-TiO;, 4¢-TiO;, 4d-TiO, 5 TiO, WAL S o6l
VIR K 4a-TiO, >4d-TiO, >4c-TiO, > 4b-TiO, >
CuTPp-TiO,>TiO; . 04T RN S

18 5 AT 1. CuTPP, 4a-TiO,, 4b-TiO, , 4¢-TiO;, 0zl e,
4d-TiO, 5 TiO, #H H 3y 3 JL i) 5038 19 6 f 4k 1 4, JC 20 0 20 40 60 80 100 120 140 16
R 4a-TiO, BIEHALIE M B4, B 4a-TiO, , 4b-TiO,, i 1 /min

4 Ti0; » 4d-TiO, MEWEESET CuTPp-TiO:. Mg 5 Ti0,, CuTPp, 4a-TiO,, 4b-TiO, , 4c-TiO, ,
JH 1 8 9 AR A 0 D' A R i FR ER A, 7E O BRUF Ab ek LA-TIO, S M 0 e 2 7 2

TiO, #AT LABEROR . MHRBOR R Bk S 1 b3 oy Fig.5 Photocatalytic degradation of methyl orange by bear
TR SRR PR PR E TIO, WS E, B TiO, » CuTPp and 4a-TiO; , 4b-TiO; ,4¢-TiO, ,
%ﬁiﬁ"l‘ﬁﬁ%?,@f%‘tlﬁ@%?‘—wk*E‘J{’éﬁ’ﬁ)ﬁ@ 4b-TiO; catalysts

HER e O L ERM « O i — R IR N £ KR

5RE9 » OH, » OH BB ML A E M PR F EE 57,

WA TR /NG TR . ARAE IS R AT HE N, 5035 bR B AT AT 3438 CuPp-TiO, BFHE.1E
FH 5 PR i 8 5 LA Ak T 4 L B CuPp M THO, 2 8] B9AEEL 16 F EE R LM s A FAE i BB O BOAR 3 A9 6 BE Yo
PR TS P R B R AR B B

2.5 REAHBEHSH % e TiO,

A3 0 T 7 52 B B R L T O AR . 80| Sb 0,
T B2 BRI A B R 24— YR R 5 R 0F ' ’ E““
HE B A E0 ML L, T 120 CRF R MR, B ) %
AN 6 BT Nl %
4 o Ea .

6 AT AR 1 YOG REAL MR 52 BUR » 4a-TIO, ol g
4b-TiO, , 4c-TiO, M 4d-TiO, B %k & 4> B N 75. 8%, 20 %
60.4%,66.4%F1 68. 3% ; EREMEH 4 G . %R 45N 10 %
68.8%,53. 7% ,58. 5% 1 59. 8%, Hi M AT AL B o HANHISL UASHIS T . "
CE oL v RIS

B 6 4a-TiO,, 4b-TiO;, 4c-TiO;, 4d-TiO,

3 & i TR A 89 B

Fig. 6 Stability of 4a-TiO,, 4b-TiO,,
4c-TiO; , 4b-TiO; catalysts

ABFFER A Lindsey %, & BT 4 /4544 % #5 B9 ih
wik S S AR AT A2 W R IR A E AR R M I S & MS,
NMR FIICE 2 Mt F5 ik, 6l & 7 TiO, -4 i oA 1 571
FEHEALPE AR R . R R : [ TiO,-CuTPP AL FIAH b, 24 28 3F b 7% 7 B 5 B ol 4 4k 1% PR 1
58, (HEER K BEX R A B . BTSN 45— 2 6 R R A AR SR I T B i 4 .
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