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摘  要：采用泡生法（Kyropoulos method）生长了稀土掺杂钨酸镱钾[RE∶KYb（WO4）2，RE=Nd3+，Er3+]激光晶体，并对其结构特性进行了研究。
RE：KYb（WO4）2晶体是由WO6，REO8和KO123种基团组成，W2O10二聚体通过WOW 单氧桥相连，在平行于c轴方向上形成（W2O8）n多重带。REO8和

KO12多面体共顶相连，沿[101]和[110]方向形成了具有二维层结构的延长带。X射线粉末衍射分析表明：Nd3+：KYb（WO4）2和 Er3+∶KYb（WO4）2两种晶

体具有低温 β相RE：KYb（WO4）2结构，属于单斜晶系，空间群为 C2/c，计算了晶格常数。晶体红外光谱测试结果表明：在630～930 cm-1  范围存在5
个较强的红外吸收峰，这些吸收峰是由WO4基团的伸缩振动引起的。最后，对峰值与相应的振动模式进行了归属，证实了晶体中WOOW双氧桥和
WOW单氧桥键的存在。
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摘  要：采用泡生法（Ky∞opoulos method）生长了稀土掺杂钨酸镱钾【RE：KYb（w04）2，REzNd3+，Er3÷】激光晶体，并对其结构特性进行了研究。

RE：KYb（W04）2晶体是由W06，RE08和KOl23种基团组成，W20lo二聚体通过WOW单氧桥相连，在平行于c轴方向上形成（W208）。多重带。RE08和
KOl2多面体共顶相连，沿【lOl】和【l10】方向形成了具有二维层结构的延长带。X射线粉末衍射分析表明：Ndj+：KYb（W04）2和 酣 +：KYb（W04）2两种晶

体具有低温 B相RE：KYb（W04）2结构，属于单斜晶系，空间群为 C2，c，计算了晶格常数。晶体红外光谱测试结果表明：在630～930 cm一1  范围存在5
个较强的红外吸收峰，这些吸收峰是由W04基团的伸缩振动引起的。最后，对峰值与相应的振动模式进行了归属，证实了晶体中W00W双氧桥和
WOW单氧桥键的存在。
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    一.    ..
    GROWTH AND STRUCTURE CHARACTERISTICS oF RE（Nd3+，Er3+）.DOPED POTASSIUM

    YTTERBIUM TUNGSTATE LASER CRYSTAL
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  （1.College of  Material Science and Engineefing，Changchun University of  Science and Technology，Changchun l30022，China；

    2.The department of  Physics，The University of  Pisa in Italy，Pisa 56127，Italy）

    一    一
Abstract：RE：KYb（W04）2（RE=Nd3+，Er3+）crystals were grown by the Kyropoulos method，and their structural characteristic was

inVeStigated.The StrUCture Of the cryStalS iS COmpOSed Of three kindS Of groUpS，inCludjng W06，RE08 and KOl2 pOlyhedrOnS.The

 W20lo dimmers are connected by WOW single oxygen bridging bonds and  蠡orm （W208），，bands along c axis in parallel direction.The

 RE08 and K012 polyhedrons in the crastals are joined by common vertex and  五orm an elongated band with the structure of

two-dimensional layer along【10l】  and  【l10】  directions.Then powder X-ray difraction analysis indicates tbat the two crystals of

Nd3+：KYb（W04）2 and Er3+：KYb（W04）2 belong to a monoclinic system with a space group C2/c，which indicates that the crystals ob.

tained are Ij—RE：KYb（W04）2.The cell parameters of the two crystals were calculated，too.The infrared spectra show that they have

 6ve strong infEared absorption peaks击rom 630 t0 930 cm一1，which werie caused by stretching vibration of W04 groups.Finally，the

vibratiOn modeS and  矗reqUenCieS wefe identifed，whiCh COn6rmed the exiStenCe Of WOOW double OXygen bridge and WOW Single

Oxygen bridge bOndS in the CryStalS.

Key WOrdS：  potasSiUm ytterbiUm tUngState doped by neodymiUm ionS；  potaSSium ytterbiUm tUngState doped by erbiUm iOnS；laSer

    CryStal grOWth；KyrOpoUlOS method；  StrUCtUre CharaCteriStiCS

  The double tungstates of  KM（W04）2（M=Y and Ln）  as    cell parameters  口  =1.059  nm，6  =l.029  nm，c  =0.748  nm，
a laser host materials has attBacted considerable atten：tion 口=130.79  ，Z=4.【2】  It is an excellent laser crystal because

due to its excellent properties，【ll such as KGd（W04）2 its refractive coemcient changes little with temperature
（KGW），KY（W04）2（KYW），KYb（W04）2，KDy（W04）2， and has high quantum e伍ciency，which can result in su—

KHo（W04）2，efc.The potassium ytterbium tungstate    perlspeed pulse laser output of application powef.In or.
[KYb（W04）2，KYbW】crystal is a member of this矗amily. der to obtain the laser output of diferent waVelengths，

It be10ngS to mOnOCliniC StruCtUre with SpaCe groUp C2/C， KYbW CryStal Can be uSed aS hOSt When doped With SOme
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rare earth ions（RE），such as Nd3+，Er3+，Tm3+  and so on. KzC03+2W03_ K2W207+C02t    （3）

Compared to  .RE：KGW and RE：KYW crystals，quantities where the mole ratio of K2W207 as s01vent to KRExYb1一膏
ofYb3+ions in KYbw host can be used as sensitizer ion8  （w04）2（RE：Nd3+，Er3+，z：0.05，’0.1）一was 4：  1.After the
to increase the absorption light and then trans五er the enI    materials had been dried in an oven矗or 24 h，an elec—

ergy to RE3+ions so as to achieVe laser output of di伍erent tronic balance was used to mix the ingredients at the right

waVelengths.Due to its low symmetrytit can be dopeQ DroDorti m with an accuracy of 0.l mg，and then the raw
wi.h high'concen..a.；ons of ra.e ear.h ions and can a..opbd    pl：.po，i‘譬 we，e m；xed even.y and porphy.ized fo，，e.e，一

used in slice or microchip lasers，which are Very important    vation.In order to avoid volatilizing，the matched materi-
氨or the integration，miniaturization and compactness of als should be calcined in advance.The solvent was re-

1aser diode（LD）  pumped solidtstate lasersp—51    嬲
    O V e d a t 6 0 0 .C S i n C e th e m e l t in g p O in t O f K 2 W 2 0 7 W a S

  In this work，RE：KYbw （REzNd3+，Er3+）crystals 三bout 619  ac.The RE：KYbw polycrystal materials were
were grown by the Kyropoulos method，and their struc.    obtained aRer calcined at 920.C  矗or 8h.
tUral CharaCteriStiCS Were inVeStigated.
    1.2  C ry Stal g roW th

1  Experimental procedure The RE：KYbw  （REzNd3+，E，+）crystals were grown
    by the KyrOpOulOS m ethOd. The pOlyCryStal m aterial

1.l  MateriaI preparation    placed in the platinum crucible with a size of 60 mm in
    Since RE：KYbW crystals have a phase transition be.    diameter and 50 mm height in a resistance wire蚤umace

low melting point，it generally must be grown by the nux    （type MCGE—III）  wasfu11y melted at 80  .C  aboVe
method.K2W207 was selected as a mixed nux because of    supersaturation temperature五or 12 h.The temperature was

its several merits.【6]  The chemicals used were high pu— measured and controlled by a Pt—Rh thermocouple，and an
rityIgrade KzC03，W03，Nd203，Er203 and Yb203 with a AI一808P thermal controller.Then a 6一oriented seed with

purity of 99.99%  in mass.They were mixed and reacted dimension of 3 mm  ×3 mm  ×12 mm was put into the melt.
as thefollowing equations：     After seeding，the矗urnace temperature was decreased t0 5
    .C abOVe the SUpefSaturatiOn temperature.Then the grOWth
  KzC03+0.05N d203+0.95Y b203+4  W  03一
    With矗Ol10wing parameterS Seen矗rOm Table l.

    2KNdo.05Ybo.95（w04）2+c02 t    一    （1）    1：3'1nuMedasurement of samples

  K2C03+0.l Er203+0.9Yb203+4W03 j-  The crystal structures were analyzed by a X—ray dif一
    2KEro.lYbo.9（W04）2+C02t    （2）  五ractometer（XRD，Model D/max—fA，Rigaku），using a

    Table l  The growth parameters of RE：KYbW  （doped RE  =Nd3+，Er3+）  crystaIs

    Doping mole e  tnv    . — Rotating  'ate/    cooling growing Annealing  'ate/ Growth period/d  crystal size，mmj
c'y8'8l  _ _ 一    s88ding  'emp8'8'u'8/I。c    （r.min一1） rate，（。c.h一1）一    （。c  .h一1）    ￡ r a C t i o n ， %

Nd：KYbW    '    918    15    0.10    30    15    28  ×  l5  ×  lO

Er：KYbW    l0    890    10    0.05    25    20    25  ×  15  ×  10

Cu k ray（，1，=0.154 056  nm）  as the radiant，and with a

tube v01tage Of 50 kV and a tube CUrrent Of 1 50 mA，and

with a graphite monochromator.The infrared  （IR）  spectra
Of the CryStalS were meaSUred USing a FOUrier COnVerSiOn
    E r：K Y b W

IR spectroscopy（Model FTS 1 35，BIO—RAD company）
with a distinguish ability of 4 c舶n—l and a scanning rate of    11 —nJ从 山 ¨ 。“上
64 times/S.

    Nd：KYbW
2 ReSults and diSCuSSiOn

2.l  POWder XRD analySiS
  The reSults Of pOWder XRI）analySiS Of RE：KYbW

（RE=Nd3+，Er3+）  crystals are shown in Fig.1.Compared    ll l I    .I Pure KYbw
with the standardrdi伍raction pattem of JcPDs card ....坚 L。一。AĴ山 ĥk.-̂ 一一.j.-
（54—0249），the difraction patterns show that the di￡五rac一    20    30    40    50    60    70    80

tiOn peaks and relatiVe intenSity of the two CryStals are    2a，（.）
Very similar to those of pure ptKYbW.There矗ore，the two

crystals belong to a monoclinic phase with'  a space group    Fig.1  Powder XRD patterns of  RE：KYbW  （REzNd3+，Er3+）
C2/c，which indicates that two crystals obtained arepRE：    crystals



KYbw.According'o五ormula（4）  belowfor ce11 parame—  J声尊夕.
    1.i，

    。叠配j，甄

    ——-‘

terS Of monOClinic SystemS，the Cell parameters Of twO

crys'als are'calcula'ed andl1is'ed in Table 2’/l ed∥ ，（4、.    、.： ：bh甏霪蛩兰蘸魏-≤麓蕊 2魇蠢12j，、！‘\乙 6

    、<

    ABc8inZ8 — （4）  ：：：117
 d2丽 否丽 zcz+彳c.sln.∥一2彳占：ccos，口 ㈤    。？弋

where爿，B，and C are defined as the intercept of the    ，i/

crystal plane whose distance is the minimum on  日，6，and    ：.‘≮
c axes，and the distance is颤rom the（办足，）family of crysta1    ‘‘  ：

planes to the original pointIwhere彳2日/矗，口=6/七and c2 c/，-    ‘ ‘‘≮ji”：：一一事 ：。

Table 2  CeIl param eters of the R E：K Y bW  （REsN d3+，E， +）

    CryStalS
    （a）  口direction

 Sample    Doping ionic radius/nm a/nm  6/nm c/nm Z纠（.）  Z

 KYbW【2】    0.094（Yb3+）    1.059  1  .029  0.748 1 30.70 4

NdjKYbw—— o-103'Nd3+’——  1.063  1.03l  o.749  130.63.4，    ，，羹 分‘漆舞 誉 鬟 溯 慰 溺 漫 jt—

ErjKYbwjQln  o.096'Er3+’alL I.1.061I ll_03l  o.749l l30.651 4Q 警i蓊蓑鞍鎏纛 豢溺 謦稳 翼 稚翰.、c

Z is molecuIar number Ofunit Ce11.

2.2  Crystal structure    “：、善，I
    ACCording tO CryStal StruCture in矗OrmatiOn Obtained    k
蠡rom XRD patternS，the SO蕾tware Of CryStal StruCture .一.

analySiS waS used to plot cryStal StruCture model of
RE：KYbw，as seen矗rom Figs.2 and 3.The RE：KYbw    I.5孳嚣 .
Crystal with low temperature phaSe belOngS tO mOnOCliniC
 system with a space group C2/c.Figure 2 shows the pro一    （b）6 di7ection

jection graphs of  'he structure of RE：KYbw crys'al along 奎蒸：

口306，c and'1 1 11direc'ions'respec'iVely.1'can be seen ≮ 睁 蟋、赣 国 蔡 娥
蠡rome'he graphss'ha'w 060dis'or'ed oc'ahedron，canobe  。瀵 。 鼷

fo'med.by。mean8 0f'he.coo'dina'iontbe'ween.one w01f一    _氅--__‘*25—‘‘；、t疆_黼并簟汪-，_-戳 《；。i≈ .。

ramiUm atOm and Six Oxygen atOmS，and wol蕾ramium 紫？：.x

atoms.occupy cl symmetric positiontFigure sca，is.the 簿p a r t ia l ly e n la r g e d g r a p h o f W 0 6 d i s t O r t e d O C t a h e d r O n . D U e

to the interaction of wol蠡ramium atoms，w20lo dimme。 懑

can beformed.‘h'ough'he connec'ion of woow double 絷 睁 .8。1_’’；瓷9二盼 。oxygen bridge.The w ：oto dimmers are atso，oined by 躐

w ow single oxygen b'idging bond8 and fo'm （w 208）一    “ ≤：j j翥l

bands along c axis in parallel direction.Thecw208），， i篱ll警    L 口
bands are joined by common edges，and the partially

enlarged graph can be seen蜀rom Fig.3（b）.The RE08    （c）  c direction
pOlyhedronS Can be五Ormed by meanS Of the COOrdinatiOn

between one rare earth atOm and eight Oxygen atOmS，and .

    }一；.’—}

    口

Fig.3（c）is the partial enlargement graph of RE08 poly—

hedronS.Meanwhile，the K01  2 p01yhedrons can be五Ormed
by meanS of the coordinatiOn between One pOtaSSium

atom and twelVe oxygen atoms，and Fig.3（dJshows the ：≤.；t痿 —
partially enlarged graph of KOl2 polyhe—drons.The potas一    。_.7、

sium and rare earth atOmS together oCcupy C2 symmetric  .
pOSitiOn by meanS of StatiStiCal distributiOn.The RE08
eight.COOrdinated p01yhedrOnS and KOl  2 twelVe—coorI

dinate polyhedrons are joined by common Vertex and    ’  ’  to磷删—
五Orm an elOngated band with the StruCtUre Of twO di. —
    C

mensional layer along[101]  and  [1 10]  directions，and    （d八1 l l）direction
the elOngated band  矗ills into the蕾ramewOrk made Up Of

rare earth and W06 0ctahedron groups.As a result，the    Fig.2 The projection graphs of  the structure of RE：KYbW
structure of RE：KYbW crystals are very similar to that    crystals along  口，6，c and  （111）  directions



    of RE：KYW[7】  and RE：KGW[8]  crystals.The di蠡蚤erence of
    0 2

    cryStal struCture between RE：KYbW and RE：KYW/KGW

    iS that interatOmiC diStanCeS Of them are di归五erent becauSe
    Of di￡五erent iOnic radiuS.

    2.3  IR SpeCtra Of CryStalS
    The IR SpeCtra Of  the two cryStals can be Seen in Fig.4.

    The vibratiOnfreqUency range Of W04 grOUp iS 900—750
    cm一1（stretching vibration）  and 420—300 cm一1  （bending

    vibration）.【91 From the curve of Nd：KYbW crystal，the IR
    absorption peaks at 635，774，839，89 1，925 cm一1 can be

    attributed tO the StretChing Vibration of W04 group.The IR
    absorption peak at 479 cm一1 shows the wagging vibration

    （a）  The partial enlargement graph of  W06 distorted octahedron    of W04 group.It also indicates that some water came into

    the Sample When the Sample WaS plaCed in the air，so the

    赫 藤 簇 繁 。。 IR absorption peaks at 3 452 and 1 640 cm一1（1 400 cm一1）
    elOng tO the aSymmetriC StretChing and bendjng vibratiOn

    锈驾∥ 渤 爹     bflthe o—H bond.A。五o，the IR cu。ve ofE，jKYbw c，y。tal，
    —04— the IR absorption peaks at 634，779，847，89 1，926 cm一1 are
    n 1 ； r、1

    p the result of the stretching Vibration of W04 group.The IR
    absorption peak at 484 cm一1 shows the wagging vibration
    I u上_    l  uj

    锵 ’04    0f w04 g'oupIThe lR ab80rp'ion peak8 a'3 460 and 1 630

    蔫—麓i    cm一1（1 400 cm一1）belong to the asymmetric stretching and

    bending vibratiOn Of the O—H bOnd.Table 3 liStS the IR

    镧l戮 i零麟ili 4 口ji。

    （6）  The p8‘tial  enla'ge nent  g'8ph o‘  （w208），t bam88 / j
    / ，， i}

    / j ；

    ∥ / ：_

    、_ ：日 ..—1
    — — 岫 "_

    I叠 ∥‘  ，  .

    ijr‘““岁
    ‘     ./

    5001 000 1 500 2 000 2 500 3 000 3 500
    WaVe nUmber/Cm一1

    Fig.4  IR SpeCtra of RE：KYbW CryStalS

    Table 3  IR SpeCtra Mibration freqUenCieS aSSignment Of
    （c）  The partial enlargement graph ofRE08 polyhedrons RE：KYbW  （RE=Nd3+，Er3+）  crystals

    Assignment —    IR absorption peak/cm一1
    Nd：KYbW Er：KYbW

    6u（W00W）    479    484

    v。（W00W）    635    634

    “WOOW）    774    779

    v..（、Ⅳ06）+v..（、ⅣOW）    839    847

    891    89l

    2

    ：。.‘wo。，+，。woow，

    v。（W06）    925    926

    d副“OH）    1 400    1  400
    1 640    1 630

    （d）  The partial enlargement gTaph of K012 polyhedrons
    v。。（O H ）    3  452    3  4 60

Fig.3  The partially enlarged graphs of  W 06 distorted octahe—    Notes：  .u—Wagging vibration；  vs— Symmetric stretching vibration；  v—

    dron，（W208）n bands，RE08 polyhedrons and K012 polyt stretching vibration；  v踞一Asymmetric stretching vibration；蠡s？Asymmetric

    hedrons    bending vibration.



    SpeCtra VibIation五卫eqUencieS aSsignment of two CryStalS. KYbW CryStalS.
    The reSUlts of IRS Con丘rm the existenCe of W00W dOU-

    ble oxygen bfidge and WOW single oxygen bfidge bondS Refe玎ences：
    in RE：KYbW CryStalS.    【1】  KAMINSXⅡA A，KLEVTSOV P V LI L，甄al.Stimulated emission of
    . KY（W04）2：Nd3+crystal lasef【J】.Phys Status Solidi，197l，A5：79—81.
    j    COnClUSlOnS    【2】  PuJoL M c，MATEos x，soL杰M A R，et al.stIuctu∞e，crystal

    The RE：KYbw（RE：Nd3+，Er37）laser crystals were g70wth 8nd phy31081 8n'80170py of  KY6'w04’‰a new 1838‘  m咄 ‘Ⅱ

    obtained by the Kyropoulos method，with K2W207 as    【3】zHANG Lijie，LEI Ming，wANG Yuming，吼al.Growth，structume and
    solVent.The crystal growth conditions were as颤ollows：  spectIAI properties of Yb3+.doped KY（w04）2【J】.Acta Phy3 sin，2006，
    .  ..    .    .  ̂ ⋯    .    . .    .    .    .    .    .    - ’    一 ‘ ‘    ’ ’    ’

    rotation rate was lO—15 r，min，cooling growing ra由e was    55（6）：314l一3145.

    0.05—0.1  'C  /h，annealing Iate was 25—30  6C  ，h，and the  【4】  BRENlER A.A new evaIuation of  Yl，.dopcd crystals矗or Iaser appli.

    growth period WaS l5—20 d.The struCture of RE：  KYbW cations【J】.J Lumin，200l，92：199—201.

    CryStalS iS C0mpOSed of three kjnds Of gtoupS，inCluding    【5】  KLOPP PjGRIEBNER U，PETROV  、let aI.Laser operation of the

    W06，RE08 and KOl2 polyhedronS.The W20lo dimmerS new stoichiometric crystal KYb（W04）2【J】.Appl Phys B，2002，74：
    are ConneCted by WOW single oxygen bridging bondS    185—189.

    and  矗orm （W 208）nbands along c axis in parallel direction.    【6】  soLE R，NIKoLoV  、lRuIz  ）（’et al.Growth of ptKGdI一。Nd，（w04）2
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