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PhotodegradationofMethylOrangebyV5+

andHo3+ Co-dopedTiO2
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Abstract:Theun-doped, single-dopedandco-dopedTiO2 nanoparticleshavebeenpreparedbysol-gelmethodandcharacterized

withX-raydiffraction(XRD)andUV-Visabsorptionspectra, andtheirphotocatalyticactivityhavebeeninvestigatedbyphotocatalytic

oxidationofmethylorange.ItisfoundthatV5+ dopingbroadenstheabsorptionprofile, improvesphotoutilizationofTiO2 , andthen

generatesmoreelectron-holepairs.Ho3+dopingrestrainstheincreaseofgrainsize, leadstocrystalexpansionandmatrixdistortionand

retardstherecombinationofthephotoexcitedcarriers.ThephotocatalyticactivityofTiO2 co-dopedwithV
5+andHo3+ionsisimproved

relatedtothecooperativeactionsofthetwodopants.
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1　Introduction

Thephotocatalyticoxidationoforganiccompounds
byTiO2 catalysthasbeenextensivelystudiedinthepast

decades
[ 1-2]

.ButTiO2 utilizesonlyaverysmallfrac-
tionofthesolarspectrumandthephotocatalyticactivity
islimitedbyfastphotogeneratedcarriersrecombina-
tion.Inordertoimproveitsphotocatalyticactivity, co-
dopedwithtwokindsofionshavebeeninvestigatedin
recentyears

[ 3 -4]
.Inthiswork, TheV

5+
andHo

3 +
co-

dopedTiO2 waspreparedanditsphotocatalyticactivity
wasevaluatedbyphotodegradationofmethylorangein
solution.

2　Experiment

NH4VO3andHo(NO3)3 · 6H2Owereusedas

precursorofV
5+
andHo

3+
, respectively.Sampleswere

preparedandcharacterized, andphotocatalyticefficien-
cywastestedasdescribedinourearlierpublication

[ 5]
.

Forconvenience, thesampleswerelabeledasTV
(X), TH (Y)forV

5+
andHo

3 +
-dopedTiO2 , and

TV(X)H(Y)forV
5+
andHo

3+
co-dopedTiO2 ,

whereXandYreferredtothenominalatomicconcen-
trationofV

5+
andHo

3+
, respectively.

3　Resultsanddiscussion

3.1　X-raydiffraction
X-raydiffractionpatterns(notshown)indicate

thatallsamplespreparedhavetheanatasestructure.

Theaveragecrystalsizeiscalculatedfromthebroade-
ningofthe(101)peakofanataseusingscherrerse-

quation, andthedistortionoftheTiO2 matricesisalso
estimated.TheresultsaresummarizedinTab.1.The
influenceofV

5+
dopingonthecrystalsizeisveryunap-

parent.Whilethecrystalsizedecreasesbecauseof
Ho

3+
doping, whichimpliesHo

3 +
dopingrestrainsthe

increaseofcrystalloid.Thecrystalvolumeandmatrix

distortionofdopedsampleslargerthanun-dopedsam-
ple, whichindicatesmatrixmaybeexpandedanddis-
torted.

Tab.1　XRDanalysisresultofsamples

Doped

element

Doped

content
/%

Crystal

size
/nm

Matrix

distortion
/%

Crystalparameter

a/nm c/nm V/nm3

Un-doped 0 18.2 0.8595 0.3892 0.8084 0.1225

V 1 18.3 0.8548 0.3885 0.8309 0.1254

Ho 1 14.2 1.1000 0.3889 0.8245 0.1247

V/Ho 0.5/ 0.5 14.5 1.0781 0.3893 0.8270 0.1253

3.2　UV-Visabsorptionspectra
Fig.1showstheUV-Visabsorptionspectraofsam-

ples, Comparedwiththespectrumofpuretitania, ati-

nyblue-shiftoftheabsorptionprofileintheHo
3+
-

dopedTiO2 , andthered-shiftintheV
5+
-dopedTiO2

areclearlyobserved.ThesampleofTV(0.1)H(0.5)
showsthesamered-shiftandtheshifteddegreeisbe-
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tweenofthem.

Fig.1　UV-Visabsorptionspectraofsamples

3.3　Photocatalyticactivity
Theevolutionsofmethylorangephotodegradation

arepresentedinFig.2.IncomparisonwithpureTiO2 ,
dopingimprovesthephotocatalyticactivityofTiO2 , and

co-dopingwithV
5 +
andHo

3+
canenhancethephoto-

catalyticactivitymore.Suchanimprovementimplies
thatthereisasynergisticeffectincatalyticactivity
whenbothV

5+
andHo

3+
areco-doped.

Fig.2　Degradationcurvesofmethylorange

V
5+
dopingbroadenstheabsorptionprofileofTiO2

(Fig.1).ItshowsthatV
5+
dopingimprovesphotouti-

lizationofTiO2.Ho
3+
dopingleadscrystalexpansion

andmatrixdistortion(Tab.1).Expansionincrystal
matrixcreatesoxygenvacancies, whichgenerateshallow
energystatesinthebottomoftheconductionbandand

servedasanelectrontrapsites
[ 6]
.Sotherecombina-

tionofphotogeneratedcarriersispreventedeffectively.
WhenbothV

5+
andHo

3+
areco-doped, acooperative

operationwillbeproduced.V
5+
dopingimprovesphoto

utilizationofTiO2 , andgeneratesmoreelectron-hole

pairs.Ho
3+
dopingleadstocrystalexpansionandma-

trixdistortion, andretardstherecombinationofthe
photoexcitedcarriers.Sothephotocatalyticactivityof
TiO2 co-dopedwithV

5+
andHo

3+
isimproved.

4　Conclusions

ThephotocatalyticactivityofTiO2 co-dopedwith

V
5+
andHo

3+
ionscanbeimprovedbecauseoftheco-

operativeactionsofthetwodopants.V
5+
dopingim-

provesphotoutilization, andgeneratesmoreelectron-
holepairs.Ho

3+
dopingrestrainstherecombinationof

thephotoexcitedchargecarriers.
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Fig.1　X-raydiffractionoftheproductpowders

Li2Fe3O5 wastheprimaryimpurity.However, the
amorphouscarbonappearedandthesizeofFe4Npow-
dersincreasedalongwiththeincreasingofthereaction
temperature(>450 ℃)andreactiontime(>10 h).

3　Conclusions

NanoparticleFe4Nwassynthesizedthroughben-

zene-thermalreactionofanhydrousFeCl3 withLi3N.
Theoptimumconditionforthesynthesisofnanoparticle
Fe4Nwasstirredatthetemperaturerangeof450 ～ 500
℃ formorethan30 h.Theaveragecrystallinesizeof
Fe4Nwasabout10nm.Thereactionconditionswere
easytocontrol.
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苯热法合成环境催化材料纳米氮化铁

殷永泉 , 刘　翔 , 郑　艳 , 崔兆杰
(山东大学环境科学与工程学院 , 山东 济南 250100)

摘　要:采用苯热法合成环境催化材料纳米氮化铁。在高压反应釜内 , 无水 FeCl3与 Li3N在通氮气的苯溶液和 450 ～ 500

℃条件下反应 30h, XRD结果表明主要产物为 Fe4N, 晶体的平均直径约为 10nm。该反应条件容易控制。

关键词:氮化铁;苯热合成;纳米材料;合成

中图分类号:O69;X5
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V
5+
、 Ho

3+
共掺杂 TiO2 光降解甲基橙

石建稳 , 郑经堂 , 陈姣霞 , 赵玉翠
(中国石油大学 (华东)重质油国家重点实验室 , 山东 东营 257061)

摘　要:采用溶胶 -凝胶法制备了不掺 、 单掺和共掺杂纳米 TiO2 , 对样品进行了XRD和 UV-Vis吸收光谱分析 , 并以甲基

橙的光脱色反应考察了样品的光催化性能。结果发现 V5+拓宽了 TiO2光谱响应范围 , 提高了光的利用率 , 产生更多的电子

-空穴对;Ho3+的掺杂抑制了 TiO
2
粒径的长大 , 引起了晶格的畸变和膨胀 , 延缓了光生载流子的复合;V5+、 Ho3+共掺杂

时 , 由于两种掺杂物的共同作用 , 可进一步提高 TiO2的光催化性能。

关键词:二氧化钛;光催化;共掺杂;钒;钬

中图分类号:TG146
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