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kÅ/�Ûû² B kéÐ�1xzü)�J, ¿�TxzJäkûÐ�­½5, äk�½�ó
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Preparation of photocatalytic materials MIL-125(Ti)/BiOI and

photocatalytic performance study

HUANG Xian-zhi, PIAO Xian-qing, CAI Ya-guo

(Engineering Research Center for Nanophotonics and Advanced Instrument, Ministry of

Education, East China Normal University, Shanghai 200062, China)

Abstract: With pentahydrate bismuth nitrate (Bi(NO3)35H2O), potassium iodide (KI),

and MIL-125(Ti) as raw materials, ethylene glycol as solvent, and citric acid as the

structural inducer, heterojunction structure light catalyst MIL-125(Ti)/BiOI was prepared

through one-step coprecipitation. The effect of photocatalytic degradation of Rhodamine

B in visible light was also tested. By a series of measurements, including XRD, PL, SEM,

BET and UV-Vis, we researched the relationships between structure, morphology, spectrum

and the catalytic performance of the catalyst. Furthermore, the catalytic mechanism was

analysized via energy band structure. The results indicated that by adjusting the ratio

of Ti/Bi, MIL-125(Ti)/BiOI has a good degradation effect on Rhodamine B under visible
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light radiation, which is stable and can be applied to industrial applications.

Keywords: MIL-125(Ti); BiOI; visible light; Rhodamine B; photocatalytic degra-

dation

0 Ú ó

�¸À/´�8�¬¡��­�¯K��, ��N1xzJ���«#.�ÉÚ�E

Ô�, U
ü)kÅÀ/Ô(X`Ä7!Ûû² B!�¦�), ��´<�'5ÚïÄ�­

��K��. ±bv¶. TiO2�¥%���N1xzü)Eâ��´<�£nÀ/�­

�EâÃã��; �duÙB�°Ý (Eg=3.2 eV) �°, �UáÂÅ��u 387 nm �b	

1(Ó��1oUþØ� 5%), é��1�|^Çé$. <�Ø
é§?1�þU5ïÄ	,

Ó��ò81=£�éÙ¦� TiO2 ��11xzJ�ïÄmuþ, AO´7ákÅá�

(Metal-Organic Frameworks, MOFs)[1-2]þ.

MOFs´�«ÏLõ¸GkÅÄìë�7álf½Äì/¤���!��½n���

m��(��7ákÅEÜÔ[3-4], ÏÙäk���YÇ!�'L¡È!�C�»Ú�C

�õUÄì
3íN�;!xz+�!1>+���¡É�2�'5. 3 MOFs á�¥

MIL-125 (Ti) ´��;.�L, §´±Ì�làÔ TiO2 l¡N��7áµe, ÏLkÅÄì

é��`Ä (bdc) ?1ë�
/¤��«n���m��(��EÜÔ; �§�B�°Ý�

� 3.6 eV, ��I�b	1-u, ÏL�Ù¦äk$B�°Ý�á�?1EÜ, âUk�ü$

ÙU�. 3�øÀJ�äk$B�°Ý�á�¥, 9�z� (BiOI) ´Cc5ïÄ�õ�äk

�L5���1�AxzJ, ÙB�°Ý�ÓNX���z� (BiOBr) 9Å�z� (BiOCl)

$, �k 1.72 eV, Uk�/���1-u; �É��1-u�)�1)>f-�Çé�K�4

´EÜ, ¤±Ù1xz5U��ò�.

Ïd, �±ò MIL-125 (Ti) � BiOI ?1EÜ, /¤�«U�����äkÉ�((�

�EÜÔ. ù�Ø=U�3 MIL-125 (Ti) 'L¡È��`:, �U
k�áÂ��1, l


3��1�ì�ek�/ü)kÅÀ/Ô[5-7]. �©ÏL�Ú��D{��É�((�

MIL-125(Ti)/BiOI, &ÄTxzJ3��1Ë�eéÛû² B �1xzü)�J, ¿(ÜÙ

L�, lÅnþ?1©Û.

1 ¢�Ü©

1.1 ¢�ÁJ�¤ì

ÁJ: ÊY���!9za!̄ �U!t��!é��`� (H2BDC)!ÃY`U({¡`

U)!ÃY¯U!N; N-�`Ä`zX(DMF)!v�o¶|�þ�©ÛX; ¢�^Y��lfY.

¤ì: BL-GHX-V .1zÆ�A¤ (Photochemical Reactions Instrument); U-3900 .b

	��©11ÝO (UV-Vis); D/MAX2500PC . X ��û�¤ (XRD); Hitachi S4480 .×£

>fw�º (SEM); Fluoromax-4 .F1©11ÝO (PL); N2 áN-øN�§� (BET).

1.2 ¢�Ü©

1.2.1 MIL-125 (Ti) ���

þ� 216 mL DMF, `U 24 mL, �\ 500 mL ���¥, ^å�� 30 min; ¡� 12.0 g

(0.072 2 mol)H2BDC \�þãM�¥, UY�� 30 min; ^£�lþ� 6.24 mL(0.017 7 mol)

v�o¶�|\\�þãM�¥, Øä���M��©�; òþãM�©� 4 °, £\ 4 �
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100 mL p�àoÍ¯L�pØ�A;¥, M�NÈØ�L 80%, 3Y9�¥ 150◦C MJ9�

A 24 h; l%, ^ DMF Ú`U©OW*�D 3 g, 150◦C 3ý�ZH 12 h, Ø��{ DMF[8].

1.2.2 1xzJ���

¡� 0.352 0 g(0.725 6 mmol) Bi (NO3)35H2O Mu 7.5 mL ¯�U, �� 30 min, ¡� 0.138

4 g MIL-125 (Ti) \\�þãM�¥, ���©� (TiBBi=1B1 P� M-BiOI-1), /¤ A M�;

� 0.120 45 g KI(0.725 6 mmol) Ú 0.139 1 g t��\\� 250 mL ��¥, \ 100 mL �lf

YM), 3 80◦C Yúe, �A 30 min, /¤ B M�; 3 80◦C Yú^�e, ò A M�Å%\\

�M� B ¥, UY�A 3 h; g,e%�¿§, l%, ^¯UW* 3 g, ��D, ZHL�. ,N

! TiBBi=1B2 � 1B6, ©OP� M-BiOI-2!M-BiOI-3!M-BiOI-4!M-BiOI-5!M-BiOI-6, Ù

äN���{Óþ, ��ØÓ�,'~��¬.

1.2.3 1xzü)¢�

¡� 80 mg MIL-125 (Ti)/BiOI �¬u�=+¥, \\=f, ¡� 80 mg/L � RhB (Ûû

² B) M� 10 g, \�lfYDº� 10 mg/L. V�A 30 min, ¦Ù��áN-øN²ï, 2ò

Ù�( 15 min, ��Ï�âìàé¢�(J�)K�[9-10]. 31zÆ�A¤¥, 500 W ��

Ë�e, 1xz�A 90 min (c 50 min, z 10 min � 1 ��, �¡z 20 min � 1 ��, � 8 �

�). l%©l(8 000 r/min) 5 min, �þ��, ^b	��©11ÝOÿÁÛû² B �áÂr

Ý, 3�ráÂ¸?O�Ûû² B �8�zßÝ. '�ØÓ�,'~ (TiBBi) �ü)�J. 8

�zßÝ�O�úª�

Y =
C

C0
× /100%,

Ù¥, Y � t ��Ûû² B �8�zßÝ, C0 �Ð©Ûû² B M�ßÝ (mg/L), C � t ��

Ûû² B M�ßÝ (mg/L).

2 L��©Û

2.1 1xzJ�L�

2.1.1 XRD

dã1��, M-BiOI-X(X = 1, 2, 3, 4, 5, 6) ¥� 2θ � 7◦!10◦!12◦!17◦!18◦ �¸éA

MIL-125 (Ti) �¸, 
 2θ � 30◦!32◦!46◦!56◦ �¸éA BiOI �¸, MIL-125 (Ti) ¥ 2θ �

7◦ �¸Ú BiOI ¥ 2θ � 30◦!32◦ �¸�é'�²w�kb, L²Ùäk�Ð�(¬5. d

	, ¤k�¸Ñ´5g MIL-125 (Ti) ½ BiOI, L²3 MIL-125(Ti) Ú BiOI �m¿ÃzÆ�

Au), vk�)#�|©½�; 
�X BiOI |©�O\, MIL-125(Ti) �¸rÝúú~f


 BiOI ¸rÝúú\r. Ïd, M-BiOI-X �¬�±@�´ MIL-125 (Ti) Ú BiOI /¤
É

�(. M-BiOI-X � 2θ � 7◦!30◦!32◦ �¸rÝ�p, ©OéA MIL-125 (Ti) � (100) ¬

¡[11]Ú BiOI � (102)!(110) ¬¡[12], L²ù 3 �¬¡3 M-BiOI-X ÓÌ�/ .

2.1.2 PL

^ 260 nm b	1�-u1
, ©OÿÁ DMF(�x), 5 mmol/L MIL-125(Ti) � DMF M

�, 5 mmol/L MIL-125(Ti)/Bi(NO3)3� DMF M��F11Ì, Ù(JXã 2 ¤«.

��
ó, du��Ná�éUþpuÙáÂ��1fkér�áÂ, U�)�	�1

)>f-�Çé, ù
16f�>�á�L¡*Ñ, �>ÏL�«EÜÅ�EÜ, 
 PL �r

Ý�EÜ�VÇ¤�', PL rÝ�$, 1)>f-�ÇEÜVÇ�$[13]. Xã 2 ¤«, 5 mmol
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MIL-125 (Ti)/Bi(NO3)3� DMF �¬�éu5 mmol MIL-125 (Ti) � DMF �¬, F1rÝ~

�
 50% �m, `²�'uX� MIL-125 (Ti) �¬, MIL-125(Ti) � Bi3+ �mk�p'é,

�¦Ù1)>f-�ÇEÜVÇü$, ?�Ú`²
3 MIL-125 (Ti) Ú BiOI �m/¤
É�

((�, l
ü$
á��U�, ?
Jp
á��1xz5U.
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ã 1 MIL-125(Ti)!BiOI Ú M-BiOI-X � XRD ã

Fig. 1 XRD patterns of MIL-125(Ti), BiOI, and M-BiOI-X

350 400 450 500 550 600

λ/nm

/a
.u

.

MIL-125

DMF

MIL-125/Bi(NO3)3

ã 2 DMF!MIL-125(Ti) � DMF M�Ú MIL-125(Ti)/Bi(NO3)3 � DMF M�� PL ãÌ

Fig. 2 PL spectrums of DMF, MIL-125(Ti)/DMF solution, and MIL-125(Ti)/Bi(NO3)3

DMF solution

2.1.3 SEM

��� M-BiOI-X �/m'�5K. Xã 3 ¤«, MIL-125(Ti) /m¥�\G, L¡'�

²w; BiOI Ì�¥VG½¡GÔ�K3ÙL¡, l
/¤M-BiOI-Xá�; �X BiOI �,¹

þ�,p, 3 MIL-125 (Ti) L¡�VG½¡GÔÅì²wOõ[14-15], �Ò´/¤�É�((

�Oõ, cÙ´ M-BiOI-5(ã 3(e)), (Üã 7 �1xzü)ã, M-BiOI-5 �1xz5U�Ð,

ù�ã 3 (e) �(�éA; 
 M-BiOI-6 (ã 3(f)) L¡�VGÔ�õ, /m�ØÐ, ù´du

BiOI �,þLp, �� MIL-125 (Ti) Ú BiOI m/¤�É�( :�Ú, õ{� BiOI �K3
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M-BiOI-X á�L¡l
ü$
Ù1xz5U, ù�ã 7 ¥éA�1xzü)(J���.

S4800 5.0 kV 5.1 mm 50.0 k 100 nm

S4800 5.0 kV 5.1 mm 50.0 k 100 nm

S4800 5.0 kV 5.1 mm 50.0 k 100 nm S4800 5.0 kV 5.1 mm 50.0 k 100 nm

S4800 5.0 kV 5.1 mm 50.0 k 100 nm

S4800 5.0 kV 5.1 mm 50.0 k 100 nm

(a) (b)

(c) (d)

(e) (f)

ã 3 M-BiOI-1 (a)!M-BiOI-2 (b)!M-BiOI-3 (c)!M-BiOI-4 (d)!M-BiOI-5 (e)!

M-BiOI-6 (f) � SEM ì¡

Fig. 3 SEM images of M-BiOI-1 (a), M-BiOI-2 (b), M-BiOI-3 (c), M-BiOI-4 (d),

M-BiOI-5 (e), M-BiOI-6 (f)

2.1.4 EDX ãÌ

ã 4 � M-BiOI-5(�âã 3 � SEM ì¡, �� M-BiOI-5 ¥ BiOI 3 MIL-125(Ti) L¡©

Ù�þ!, ¤±ùpÀJ M-BiOI-5 � EDX ãÌ©Û)� EDX ãÌ9���N�ã�.

dã 4(a) �±é�*/wÑ M-BiOI-5 ¥ C!Ti!Bi!I!O ���¹þ�é'�¹, Ó

��±wÑvkÙ¦���, `²����¬XÝép. ã 4(b) �ã 4(f) ©O� C!Ti!Bi!

I!O ���N�ã�, �±wÑ3 M-BiOI-5 ¥, BiOI þ!/©Ù3 MIL-125(Ti) �L¡, ù
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?�Ú<y
 BiOI Ú MIL-125(Ti) /¤
'�Ð��*(�.

0 1 2 3 4 5 6 7 8 9 10

C

O Bi BiI

Ti

Bi

I

M-BiOI-5
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200 nm
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200 nm 200 nm
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C K

Ti M Bi M

I L
0 K

(a) (b)

(c) (d)

(e) (f)

ã 4 M-BiOI-5 � EDX (a) ±9������N�ã� (b)-(f)

Fig. 4 (a) EDX spectrum, (b)-(f) corresponding elemental mapping images of M-BiOI-5

2.1.5 BETÿÁ

ã 5 � BiOI!MIL-125 (Ti)!M-BiOI-X � N2 áN-øN�§�[16-17]. (ÜáN�§

��a., �� MIL-125(Ti) ´«õ��á�, �Ó� M-BiOI-X �äk¥�(��A5.

M-BiOI-X � N2áN-øN�§�¥�°Y²Ü©äk;.¡Gá��A�, ù�ã 3 �

SEM ¥�¡G(����, 
 M-BiOI-X �¥�A5´du BiOI âf�âfmäk�½�

�mmY���.

L 1 ¤«� BiOI!MIL-125 (Ti)!M-BiOI-X �'L¡È!o�NÈ!��NÈ.



1 1 Ï �p�, �: 1xzá�MIL-125(Ti)/BiOI���91xz5UïÄ 99

450

400

350

300

250

200

150

100

50

0

0.0 0.2 0.4 0.6 0.8 1.0

/(P.P0
1)

/(
cm

3
. g

1
)

BiOI
MIL-125
MIL-BiOI-1
MIL-BiOI-2
MIL-BiOI-3
MIL-BiOI-4
MIL-BiOI-5
MIL-BiOI-6

ã 5 BiOI!MIL-125 (Ti)Ú M-BiOI-X � N2 áN-øN�§�

Fig. 5 N2 absorption-desorption isotherm spectrums of BiOI, MIL-125 (Ti), and M-BiOI-X

LLL 1 BiOI!!!MIL-125 (Ti) ÚÚÚ M-BiOI-X ���'''LLL¡¡¡ÈÈÈ!!!ooo���NNNÈÈÈ!!!������NNNÈÈÈ

Tab. 1 Specific surface area, total pore volume, and micropore volume of BiOI,

MIL-125 (Ti), and M-BiOI-X

�¬ 'L¡È/(m2
·g−1) o�NÈ/(cm3

·g−1) ��NÈ/(cm3
·g−1)

BiOI 13 0.101 0.121
M-BiOI-1 121 0.135 0.124
M-BiOI-2 297 0.326 0.236
M-BiOI-3 401 0.387 0.262
M-BiOI-4 506 0.432 0.298
M-BiOI-5 598 0.421 0.324
M-BiOI-6 768 0.413 0.376

MIL-125(Ti) 851 0.408 0.408

��, BiOI �, M-BiOI-X �'L¡ÈÚ��NÈ�'u MIL-125(Ti) ÑwÍü$
.

�X BiOI ��,'~�,p, éA� M-BiOI-X �'L¡ÈÚ��NÈ�Øä,p, �Ñ$

u MIL-125(Ti), ù�ã 8 ¥�1xzü)(JÄ���, `²'L¡ÈÚ��NÈ´K�

1xz�­�Ï�; 
o�NÈ¥, MIL-125(Ti)Ñ$uM-BiOI-4!M-BiOI-5!M-BiOI-6, ´

du BiOI �äk�½��NÈ, �X BiOI ��,'~�,p, M-BiOI-X �o�NÈ¬Ñ

pu MIL-125(Ti), 
 M-BiOI-6 q�' M-BiOI-5 Ñ$, ù´du BiOI �,þLõ, CX3

MIL-125(Ti) L¡, ��Ùo�NÈü$.

2.1.6 UV-Visû��Ì

ã 6 � MIL-125(Ti)!BiOI Ú M-BiOI-X �¬� UV-Vis û��1Ì. dã 6 ��, ¤k�

���¬3��1SÑk��éÐ�áÂ, BiOI �áÂ>�3 610 nm, MIL-125(Ti) �áÂ>

3 375 nm �m, M-BiOI-X �¬�áÂ>´3 580∼600 nm ���S; 
��X BiOI ��,ß

ÝO\, éA�¬�áÂ>u)ù£.

éu¬N��N, 1áÂÚU��Ì1>�A, úª[18]�

αhv = A(hv − Eg)
n/2,

Ù¥, α!v!Eg Ú A ©O�L1áÂ�Ç!1ªÇ!U�Ú~ê, n ´d��N�1=za.

û½� (��=z n=1; m�=z n=4). MIL-125(Ti) Ú BiOI Ñ´m�=z.[19-20], ¤±üö
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� n=4. M-BiOI-X �¬�U��±�â�Ñ(αE)1/2Ú h!v ��X��, 2©O± E(ü �

eV)�î�I, (αE) 1/2(ü �(eV)1/2)�p�IxÑéA�­�ã, ­��	í���î�I

��:Ò´éA�¬�U�. ã 7 ¤«=� M-BiOI-X ��¬éA�U�ã.
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M-BiOI-1
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ã 6 MIL-125(Ti)!BiOI Ú M-BiOI-X � UV-Vis û��1Ì

Fig. 6 UV-Vis diffuse reflection spectrums of MIL-125(Ti), BiOI, and M-BiOI-X
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ã 7 MIL-125(Ti)!BiOI Ú M-BiOI-X �¬éA�U�ã

Fig. 7 Energy band diagram of MIL-125(Ti), BiOI, and M-BiOI-X

dã 7 �±wÑ, BiOI �U��V� 1.8 eV, �©z [21] ¥ 1.72 eV Ä��Î; M-BiOI-X

�¬�U�0u BiOI Ú MIL-125(Ti) ��m, U���3 1.85∼2.0 eV, `² M-BiOI-X �¬

�±k��A��1, l
U?�Ú3�ò1^�eü)kÅ/�.

2.2 1xz

2.2.1 1xz¹5

ã 8 � MIL-125(Ti)!BiOI Ú M-BiOI-X �¬éÛû² B 1xzü)Ç��mCz�'

Xã. dã 7 ��, MIL-125(Ti) 3�A�xz�Ç=k 50% �m, �, MIL-125(Ti) �U�´

3b	1��S�, �§�´k1xz�J, ù´duÙAk�õ�(�, ékÅ/�k�½

áN�^[22]; 
 BiOI 3�A 90 min �xz�Ç=k 40%, ùÚ§�1)>f-�Ç4´EÜ
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k'. M-BiOI-1 1xzJ�ü)�ÇJp� 60% �m, �X BiOI ��,ßÝ,p (M-BiOI-

2!M-BiOI-3!M-BiOI-4!M-BiOI-5), �A�1xzJ�ü)�Ç�ØäJp, ù´du BiOI

� MIL-125(Ti) /¤�É�(Ü©�¹5�A :�'~O\, 1)>f-�Çé�EÜ�Çü

$, 1xzü)Uå\r, ü)�Ç�p�� 90% ±þ(ã 8 ¥� M-BiOI-4 Ú M-BiOI-5); �e

BiOI ��,ßÝ�p (M-BiOI-6), 1xzrÝ�
ü$, ù´du MIL-125(Ti) � BiOI /¤

�É�(�A :®���Ú, UYO\ BiOI �¹þ¬¦Ù�K3 MIL-125(Ti) L¡l
��

1xzrÝü$(ã 8 ¥� M-BiOI-6), ù�(J�ã 3 � SEM ì¡�éA, Ó���L5<y


1 2.1.4 !¥�'L¡ÈÚ��NÈéá�1xz5U�K�.
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Fig. 8 Photocatalytic degradation of Rhodamine B by MIL-125 (Ti), BiOI, and M-BiOI-X

��Ð/n) M-BiOI-X ü)Ûû² B ��AL§, �©UYïÄÙÄåÆL§, Ù�?

ÄåÆ�§�

ln
C0

C
= kappt,

Ù¥, kapp´L*�?ÄåÆ�A�Ç~ê (/min−1), C ´ t ��Ûû² B M��ßÝ (mg/L),

C0 ´Ûû² B M��Ð©ßÝ (mg/L). ÏLéã 8 �êâ?1�5[Ü, �±�� MIL-

125(Ti)!BiOI Ú M-BiOI-X �¬�ü)[Ü­� (ã 9) 9ÙÄåÆ�A�Ç~ê[23](L 2).
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Fig. 9 Dynamic linear fitting curve ln(C0/C) ∼ t for MIL-125(Ti), BiOI, and M-BiOI-X
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LLL 2 MIL-125(Ti)!!!BiOI ÚÚÚ M-BiOI-X ���¬¬¬üüü)))���ÄÄÄåååÆÆÆ���AAA���ÇÇÇ~~~êêê

Tab. 2 Kinetic reaction rate constant for MIL-125(Ti), BiOI, and M-BiOI-X

kapp/min−1 �¬

‚

‚

‚
kapp/min−1 �¬

0.006 6 BiOI
‚

‚

‚
0.030 3 M-BiOI-4

0.009 9 M-BiOI-1
‚

‚

‚
0.031 6 M-BiOI-5

0.011 2 M-BiOI-2
‚

‚

‚
0.015 3 M-BiOI-6

0.013 4 M-BiOI-3
‚

‚

‚
0.009 1 MIL-125

dL 2 ��, éA�¬�ÄåÆ�A�Ç~ê�X BiOI ��,'~�O\
O\(Ø


M-BiOI-6), M-BiOI-5 � kapp �´��
��� 3.16×10−3/min−1; �Ù�A�Ç~ê¿Ø´

� BiOI ��,'~�O\
Ã�O��, �A�Ç¬�����Ú�, UYO\ BiOI ��,

'~, Ù�A�Ç�
¬ü$.

2.2.2 ­E5ÿÁ

1xzJ�­E5ÿÁ3ó�)�¥´�~­��, §�±ü$ö�¤^, Jp²L�

Ã[24]. (Üc¡ÿÁ(J©Û, �©@� M-BiOI-5 äk�`�xz5U, Ïdé M-BiOI-5 1

xzÿÁc�?1 XRD L�, (JXã 10 ¤«. dã 10 ��, M-BiOI-5 3ü)Ûû² B c

�� XRD ã¿Ã��Cz, `²3ü)L§¥xzJ�(�¿vkÉ�»�, �AL§¥xz

J¿vkë�zÆ�A. ã 11 ´ M-BiOI-5 3��1^�e 3 gÌ�ü)Ûû² B �ü)­

�ã. dã 11 �±wÑ, 3 3 gÌ�ü)�, Ù1xzü)�Ç¿Ã²wü$, dd�±@�

M-BiOI-5 äkéÐ�Ì�5, �kéÐ�ó�A^d�.
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ã 10 M-BiOI-5 1xz5UÿÁcÚÿÁ�� XRD ã

Fig. 10 XRD patternsof M-BiOI-5 before and after photocatalytic performance testing

2.3 �AÅn

æ^ Mulliken nØ©Oé MIL-125(Ti) Ú BiOI �U�?1O�[25-26], úª�

EVB = X − Ee + 0.5Eg,

ECB = EVB − Eg,

Ù¥, EVB �d�>³, ECB ���>³, X ���N>K5, Ee �gd>f��IO>³

(∼4.5 eV). ²LO��� MIL-125(Ti) Ú BiOI � ECB ©O�−0.60 eV!0.58 eV, éA� EVB



1 1 Ï �p�, �: 1xzá�MIL-125(Ti)/BiOI���91xz5UïÄ 103

©O� 3.0 eV!2.30 eV.
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Fig. 11 Degradation curve for three cycles of degrading RhB for M-BiOI-5 under visible light

ã 12 ¤«, BiOI ���U?� � (0.58 eV) ' MIL-125(Ti) ���U? (−0.60 eV) $,


 BiOI �d�U?� � (2.30 eV) ' MIL-125(Ti) �d�U?(3.0 eV)p. L¡þ MIL-125

(Ti) Ú BiOI �U�Ø��, 3 MIL-125(Ti)/BiOI 1xzNX¥ØU¦>f-�Çé©l. �

´ BiOI �d�U?þ�>f3 E <2.95 eV(λ >420 nm) ���1-ue�±�-u��p

�U?;�þ (−0.65 eV), d�, BiOI#���U?� � (−0.65 eV) ' MIL-125(Ti) ���

U? (−0.60 eV)p, l
1)>féN´l BiOI ���=£� MIL-125(Ti) ���, ,�3

MIL-125(Ti)/BiOI �L¡� O2�A�) O−

2 5ü)Ûû² B. Ó� BiOI �d�þ��Ç�±

ÚÛû² B u)�A)¤�Ô. MIL-125(Ti)/BiOI �m/¤É�((�Uõ
 BiOI U�(�,

Ù1xz�J`uüX� MIL-125(Ti) Ú BiOI.
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Fig. 12 Mechanism of photocatalyst of heterostructure for MIL-125(Ti)/BiOI
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MIL-125(Ti) � Bi3+�m�3�p'é, (Ü XRD ãÌ, ?�Ú`²ÙÉ�((�Uk�ü$

1)>f-�ÇEÜ�Ç; ÏL SEM Ìã�©Û, ©Û
 M-BiOI-X �¬� BiOI �,'~�O

\
��/m�Cz, (Ü�¡�1xzü)¢�, uy/mCz�´K�Ù1xz�Ç��Ï

��; ÏL EDX �ãÌ©Û, ?�Ú(½
�¬¥���9ÙéA�¹þ, ¿ÏL��N�ãÌ

y²
 BiOI 3 MIL-125(Ti) L¡þ!©Ù, ?�Ú`²
�¬�/mé5K; ÏL DRS ©Û


M-BiOI-X �¬�áÂ>ÚU�, lU��ÝÐÚ©Û
Ù1xzü)��15; ÏLBETÿÁ

©Û, uy'L¡ÈÚ��NÈ�´K�Ù1xz5U�­�Ï�; ÏL M-BiOI-X �¬3��

1^�eü)Ûû²B, uy�¬äkéÐ�1xz¹5, Ù¥ M-BiOI-5 �¬3 90 min S�1

xzü)�Ç�´�� 90% ±þ; ��ÏL­E5¢�uy M-BiOI-5 � XRD 3ÿÁc�¿

Ã²wCz, �¬3 3 gÌ�ü)��ULyÑ1xz5U¿Ã²wü$, `² M-BiOI-5 äk

éÐ�Ì�5, äk�½�ó�A^cµ.
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