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performance in adsorption, catalysis and so on, especially its utilization in soils and environment. However, it is still little known
about the detailed influence of Mn?* doping in microstructure owing to complex hydrogen bonding and similar chemical bonding
of the iron oxide crystallines. Method  In this study, samples of crystalline iron oxides (CIO) and samples of Mn** doped CIO
different in molar ratio (R) (CIO-Mn,, x=0.1, 0.2, 0.3 and 0.5, separately) were prepared out of goethite and hematite. Influences
of Mn®" doping on iron oxide in crystal structure and morphology were analyzed with the aid of XRD and TEM. Peak fitting was
performed of the two wave number ranges, high (3 000-3 700 cm ") and low (450-750 cm™") of the FT-IR graphs of the samples,
and changes in hydroxyl functional group and crystalline chemical bonding of Mn*'-doped CIO were analyzed.  Results

Results show that Mn”*-doping just inhibited the formation of CIO, such as goethite and hematite, when R was less than 0.3, but
promoted the formation of Mn-doped magnetite, some goethite and no visible hematite, when R was 0.5. In the CIO samples
existed four types of hydroxyls, that is free hydroxyls, adsorbed hydrohydroxyls, surface associated hydroxyls and structural
hydroxyls. With R rising from 0.1 to 0.3, relative content of the first two types decreased, while the latters increased. Adsorption
peaks of the free hydroxyls and structural hydroxyls red shifted with Mn** doped, but those of adsored hydrohydroxyls decreased
and those of surface associated hydroxyls behaved on the contrary when R increased from 0.1 to 0.3. When R was 0.5, structural
hydroxyls almost disappeared, relative content of the surface associate hydroxyls varied between that of CIO and that of CIO-Mn,,
and wavenumber of the adsorption band of surface associated hydroxyls was close to that of the CIO sample. Intensity and shape
of the adsorption peaks of crystal structure Fe-O around 455 cmi™' and 619 cm™ were related to the morphology of goethite, and
those of the adsorption peaks around 478 cm™' and 560 cm™' were to the crystallinity of hematite. Intensity and wavenumber of
the adsorption peak of hematite at 560 cm™ decreased when R increased from 0.1 to 0.3, and adsorption peaks at 478 cm™
disappeared with Mn®" doped. When the R was 0.5, adsorption peaks almost disappeared at 543 cm ', widened and intensified at
474 cm™" and 593 cm™, and remained the same as that of CIO at 619 cm™'. According to analysis, the vacant sites for cations in
the structure of hematite in CIO-Mn, samples might get coupled with Mn?" to form adsorption peaks around 567~589 cm ™', of
which intensity increased with rising R. In CIO-Mn,s samples, Mn-doped magnetite formed with Mn?" replacing Fe**, thus
forming a lattice vibrated Mn-O adsorption band around 593 cm™.  Conclusion  According to the results of the study for CIO
and CIO-Mn,, a spot of Mn*" inhibited the crystallization of CIO, which increased the varieties of hydroxy on the surface of
CIO-Mn, and changed the composition of hydroxyl in the samples. That the Mn®" replaced the Fe** adsorbed at vacancies in CIO
caused a strong absorption around 567~589 cm™ in IR spectra. But the mass of Mn>" doping could change the CIO from goethite
and hematite to Mn-doped magnetite, which appeared the different FT-IR characterizations of hydroxyl and crystalline structure.

Key words: Crystalline iron oxides; Mn>"-doping; FT-IR; Hydroxyl; Crystal structure
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Table 1 FT-IR peak-fitting parameters of CIO between 3 000 and 3 700 cm™*
WA AHXS AR AR LG 2P TE
IX[i] Region /em™ Wavenumber/cm ' Relative ratio of integral area/%"’ Half peak width/cm™
Vi A%} V3 V4 Vi Va V3 V4 Vi Va V3 V4
3.000~3 700 3573 3433 3240 3123 12.0 59.0 18.3 10.7 170 237 177 197
1) WERHK LALLM IR BN S 2% . With integral area of infrared adsorption of hydrohydroxy as reference.
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Table 2 FT-IR peak-fitting parameters of CIO-Mn, samples between 3 000 and 3 700 cm™
ARXF RS T AR EE 2 04 57
VP55 % Wavenumber/cm™
Relative ratio of integral area/% Half peak width/cm™
Peak serial
CIO- CIO- CIO- CIO- CIO- CIO- CIO- CIO- CIO- CIO- CIO- CIO-
number
Mny, Mn, > Mn, 3 Mny;s Mny, Mn, > Mn, 3 Mnys Mny, Mn,» Mny 3 Mny 5
Vi 3566 3552 3547 3542 14.9 2.7 3.2 6.5 206 117 115 138
V2 3427 3434 3447 3435 39.4 353 27.3 60.9 233 222 208 238
Vi 3225 3242 3266 3233 27.5 39.1 35.9 26.9 233 297 284 216
V4 3112 3100 3100 3109 18.1 22.9 33.6 1.5 212 314 303 120
## — — — 3609 — — — 4.1 114
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Fig. 5 FT-IR peak-fitting graph of CIO between 450 and 750 cm™
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Table 3 FT-IR peak-fitting parameters of CIO between 450 and 750 cm™

B % Wavenumber/cm™ 2[4 5 Half peak width/cm™
[X ] Region /cm™!
Vs Ve V7 Vg Vo Vio Vs Ve V7 Vg Vo Vio
450~750 690 619 595 560 478 455 75 21 25 47 34 28
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o o
[\ wn
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‘ ‘ ‘ ‘ 0.00f ‘ ‘ ‘ ‘
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Kl 6  CIO-Mn, Ff i 7E 450~750 cm ™ 38 FEl AU LT AN e & 3%
Fig. 6 FT-IR peak-fitting graph of CIO-Mn, samples between 450 and 750 cm™*
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Table 4 FT-IR peak-fitting parameters of CIO-Mn, samples between 450 and 750 cm’

% 75 Peak % Wavenumbers/cm™ 214 %5 Half peak width/cm™
serial number CIO-Mny CIO-Mng, CIO-Mny 3 CIO-Mny s CIO-Mny CIO-Mng, CIO-Mng 3 CIO-Mny s
Vs 650 715 697 656 46 61 114 75
Vo 619 620 631 619 20 130 30 17
7 589 567 576 593 64 83 135 100
vg (Vi) 562 537 545 (525) 543 52 38 30 (20) 35
Vo 478 — — 474 39 — — 123
Vio — 458 456 — — 119 94 —

FERIESR 0, JRA4F CLO-Mng, F1 CIO-Mng 5 £ & A I AT 55 B2 AT W] fiE 5 4k UL Y AR TR S 9%
FRIAEAE AT I XRD AT i, (HIE OB A YItHE
B AR ERIR DRI, BT LA I v BT vy 5 C10 BEMAH L, CIO-Mn, (x=0.1. 0.2 #1 0.3 )
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