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UV Raman Spectroscopic Characterization of Catalytic Materials
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Abstract: UV Raman spectroscopy is becoming a powerful technique for catalysis as well as many other fields such as chemistry, physics,
biology, and material science mainly because it can avoid the fluorescence interference occurring in visible Raman spectra and concurrently
enhance the Raman signal owing to the short wavelength and resonance Raman effect. This article reviews the recent advances in catalytic
characterization using UV Raman spectroscopy, including the characterization of highly dispersed transition metal oxides on supports, transi-
tion metal ions in the framework of microporous and mesoporous materials, the synthesis mechanism of zeolites, and the surface phase of
metal oxide catalysts. One of the advances is the successful identification of highly isolated transition metal ions incorporated in the frame-
work of microporous and mesoporous materials such as TS-1, Ti-MCM-41, Fe-ZSM-5, Fe-SBA-15, and V-MCM-41 base on the UV reso-
nance Raman effect. Moreover, in an effort to gain a greater understanding of the formation mechanism of zeolites, we have recently devel-
oped an apparatus capable of studying hydrothermal reactions in situ UV Raman spectroscopy by taking the advantage of UV Raman spec-
troscopy. The synthesis mechanism of microporous materials (such as zeolite X and Fe-ZSM-5) has been investigated, which can sensitively
detect the precursors and intermediates evolved in the synthesis solution and gels. In addition, the active sites and the structure of Fe-ZSM-5
with highly dispersed transition metal oxides on zeolite supports have been studied through resonance Raman spectroscopy. The results
demonstrated that the active oxygen species have been identified as the peroxide bridged di-nuclear iron species, and the reaction intermedi-
ates bear a degree of resemblance to the iron complex in soluble methane monooxygenase (sMMO). Another finding by UV Raman spec-
troscopy is that the phase transformation in the surface region of most metal oxide nanoparticles (such as ZrO, and TiO,) is remarkably dif-
ferent from that in their bulk. This finding is extremely important to catalysis because the catalytic performance is generally dependent on the
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surface phase. For example, UV Raman spectroscopic study clearly demonstrates that the generation of surface-phase junction on TiO, cata-

lyst can significantly enhance the photocatalytic activity for hydrogen production.

Key words: UV Raman; in situ Raman; microporous and mesoporous material; transition metal-containing microporous and mesoporous

material; synthesis mechanism; phase transformation
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Fig. 1. Raman signal usually obscured by the strong fluorescence interference (a) and Raman spectra of AIPO,-5 excited at 244, 325, and 532 nm (b).
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Fig. 2. Schematic of charge transfer transition between oxygen and transition metal ions in the framework of molecular sieves (a) and the

relationship between UV-Vis spectra (b) and UV resonance Raman spectra (c). The Raman bands of X and Y components can be selectively

enhanced by shifting the excitation laser lines towards their UV-Vis absorbance bands.
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Fig. 6. UV-Vis diffuse reflectance spectra of Fe-ZSM-5 (a) and Raman
spectra excitated at 244,325, and 532 nm (b).5**!
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Fig. 9. UV resonance Raman spectra of Fe-ZSM-5 (Si/Fe = 152) with different crystallization time excited with 325 nm (a) and 244 nm (b) and a

proposed scheme for the formation mechanism of Fe-ZSM-5 (c).
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Fig. 10. Schematic diagram of in situ Raman cells for hydrothermal
synthesis of zeolites. (a) The sample holder inserted into the in situ
Raman cell for the liquid phase study and the focus point; (b) The

sample holder inserted into the in situ Raman cell for the solid phase

study and the focus point.©®!
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Fig. 11. (a) In situ UV Raman spectra excited with 325 nm of solid
phase of zeolite X synthesized at 373 K. The spectra were collected
from 0 to 270 min, and each spectrum was collected at an interval of

10 min. (b) Plots of intensities of the 380, 514, 575, and 774 cm ' as a

function of time.®)
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Fig. 12. Raman spectra of Fe/ZSM-5 calcined in O, at 823 K. (1)
Fe/ZSM-5(0.11)-C; (2) Fe/ZSM-5(0.33)-C; (3) Fe/ZSM-5(0.66)-C; (4)
Fe/ZSM-5(1.0)-C. Aex =325 nm.[
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Fig. 13. Raman spectra of Fe/ZSM-5 after treated in He at 1173 K. (a)
Jex = 325 nm; (b) Aex = 532 nm. (1) Fe/ZSM-5(0.11)-HT; (2) Fe/ZSM-5
(0.33)-HT; (3) Fe/ZSM-5(0.66)-HT; (4) Fe/ZSM-5(1.0)-HT.
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Fig. 14. Response of a step from He flow to 5.0 vol.% N,O/He flow at
523 K on the Fe/ZSM-5 catalyst pretreated at 1173 K in He.
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Fig. 15. UV-Vis diffuse reflectance spectra of Fe/ZSM-5. (1) After
pretreatment at 1173 K in He flow; (2) After exposing the
high-temperature pretreated Fe/ZSM-5 to N,O at 523 K; (3) After the
reaction of benzene with the Fe/ZSM-5 preloaded the active oxygen
species at room temperature; (4) After benzene adsorbed on the

Fe/ZSM-5 without the preloaded active oxygen species at room tem-

perature.

B A K. MR LR Fe/ZSM-5 L[5 4h-1]
W8 SO G (B 15(4)) W] LUE AR M AR B A 7
BT P B W) Bl i) Fe/ZSM-5 _EINF I ¥ A W 22 3] 37 1)
W A . AHAE - 260 FI1 340 nm Ak W B 1R 5 5 B
1555, FLAE 400~800 nm H 8L T — A %8 AR IS AT, X A]
RE 55 400 B/ Ak, 27 R BRE 1 AT G, 38 B 2R 15 3% P AR ) ol
SN J A TR 4 o 1 R A 2 4 AN TR T 2K 1R 4 B /4L
SR PR

T P AR T R RN TR A
B, K 325 F1 605 nm UK (1) L3R B 2 60 34T T
FAE. Hrh 325 nm iz & AR 690 nm WL,
17 605 nm {7 T 690 nm WL . 18] 16 0 A [] 4% 14
Ak B S ) Fe/ZSM-5 [ ] WAz 263, K& 16(3) N
TR AR B DR RN S IR T Wby 2O W LUR
7E 643, 896, 990, 1 149, 1228, 1 475, 1 580 #1 1 607
em ™ AR LT — R ARG & 16(4) S 2K PR AE
Fe/ZSM-5 b 1 n] W hr 2 561, 76 600, 990, 1 149,
1475,1 580 f1 1 607 cm™ Ab I T — R A% 1€, Lh#x
XA B mr LRI, R S iE YRR R R NS, BR T
— LU ) iR B T R S A 1 A LA A, [ I AR
HL T 643,896 A1 1 228 cm™' AN 7 () i g



730 etk

E S

%30 4%

600
643
896
990
1149
1228
L1475
e 1580
1607

“

Intensity

3)

N N S T I R | | Il

200 400 600 800 1000 1200 1400 1600 1800 2000

Raman shift (cm™)

16 E &4 TR Fe/ZSM-5 B7] I AL 8 f i
Fig. 16. Visible Raman spectra of Fe/ZSM-5. (1) After pretreatment at
1173 K in He flow; (2) After exposing the high-temperature pretreated
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Fig. 17. UV (a) and visible Raman spectra (b) of ZrO, calcined at different temperatures.
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spectra (c) of TiO; calcined at different temperatures.
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Fig. 20. The rutile content in the TiO, sample calcined at different

temperatures estimated from the UV Raman spectra with the excitation
line at 325 nm and XRD.
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Fig. 21. A proposed scheme for the phase transformation of TiO, with increasing calcination temperature.
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Fig. 23. Proposed mechanism of the phase transformation of TiO, with different particle sizes.
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Fig. 26. Visible (a) and UV Raman spectra (b) of an iron molybdate
sample calcined at different temperatures.
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