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Crystal Structure and Phase Transitions of Gd(COJ)OH Studied by 
Synchrotron Powder Diffraction 
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The crystal structure of Gd(C01)0H was solved using synchrotron powder X-ray diffraction. 
Gd(C03)0H was kno\vn to exist in a form Gd 20(C03h H:::O and its po\-vdcr pattern has been listed in 
JCPDF (#43 0604) for dec:.H.Ies, but the crystal structure has not yet been elucidated. The cr_ystal structure 
is solv~d with sirrmlated annealing and the DASH program. The final Rietveld refinement converged to 
Rwp- 6.2~ %, Rp- 4.47% and y_2

- 1.34!( using the GSAS program. CTd(C03)0H crystallizes in orthorhombic 
system v;rith lattice parameters a= 7 .OX I 09(9), h = 4.XX436(7 ), c = K.450 l 0( l3)A and space group P nnza. 
Gd(COl)OH forms a three-dimensional framework with an eight-membered ri11g, a one-dimensional 
channel and OH- in the cavity. XANES ofGd L111edge indicates that the oxidation state ofGd is 3+. Two 
phase transitions of Gd(C01)0H were found at 500 and 650 °C to yield Gd20 2CO:-; and Gd20l respec­
tively. 
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I~TRODUCTIO~ 

Gd compounds have attracted much attention be­

ca usc of their prospccti ve applications, for example, in 

phosphor materials for large flat display p<melst,2 and as a 

contrast agent for magnetic-resonance imaging (YIRI) in 

the sciences.-1
-'' Biocompatible amorphous G-d20(C03h· H20 

has been demonstrated to enhance T 1 and to decrease T 2 in 

nuclear magnetic resonance effects, and thus is an alterna­

tive MRI contrast agent. Gd 20(C03)2·H20 \Vith appropri­

ate surface modifications is an ideal template for the forma­

tion of hollow Si02nmwshells and hollow Si02·Fel04 hy­

brid composites. Gd20(C0<)2 ·H20 has. prospects for the 

development of innovative composite materials and multi­

functional biomaterials \Vith imaging, targeting, delivery 

and therapeutic capabilities.~> 

Although Gd 20(C03)2·H20 has been kno\vn for de­

cades, and its pmvder diffraction pattem has been listed in 

JCPDF since 1987,7 its crystal structure has remained un­

determined. The crystal system and unit cell parameters are 

unassigned in JCPDfi. Werner atuibuted the diffraction pat­

tern to hexagonal cells (a= 9.744. c = 7.063 A, V= 580.8 

A-') \V1th possible geometric ambiguity associated with 

orthorhombic cells (u = 7.070, b = 8.435, c = 4.878 A, V= 

290 A\ b The hexagonal and orthorhombic cells arc geo­

mcti;cally related, with blc ~'\I3. 

Gd 20(COl)yH20 has great thermal stability, as re­

vealed by thermogravimetric analysis. H,
9 Its decomposi­

tion temperature is as high as ~500 °C. Park et a/. 2 sug­

gested that the first intense endothermic feature of 

Gd 20(C03) 2·H:,O at 497 °C might be associated with the si­

multaneous dehydration and decomposition of carbonate 

groups. Dehydration rarely occurs at such a high tempera­

tun~. A detailed cryst;_d I ine structure might provide useful 

information about this anomalous effect. 

'vVe have already described a possible crystal system, 

of hexagonal ce11s. 6 As no sufficiently large single crystal 

is available, our objective in this investigation was to solve 

the crystal structmc from po\vder diffraction data. 'vVe dis­

cuss. the great thermal stability associated \'1/ith \\/ater of 

crystallization or the OH- anion in the Gd compound. The 

oxidation state of Gd was examined with X-ray absorption 

near-edge spectra. In-situ X-ray powder diffraction was 

employed to define the phase transitions of Gd(CO_,)QH; 

t\\-'0 occurred at ~500 oc and 650 oc, \Vhich we assign to 
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Gd202C03 and Gd203 cry~tallinc pha~cs, rc~pcctivcly. We 
applied Rietveld refinement to ~olve tbe crystal structures 

for Gd201C0.1 and Gd20J. 

EXPERIMENTS 

The synthesis ofGd(CCh)OH was followed the pro­

cedure in literature ." For the spherical and rhombus-like 

paiiiclcs, the typical prcpuration was pcrfonncd by the ud­

ditiou ofurc~ ( 1 rnmol, 99%, Alfa Acsar) and GdCl3·6H20 
(0.25 mmol. 99.5 %, Aldrich) to distilled water (10 ml) 

with constant stirring for I() min. After full y dissolved, the 

tn.m;;p<Jrent ~o lution~ were nwintained at ·-90 °C for ;1 pe­

riod of 4 (spheres) or 10 h (rhombus), leading to the forma­

tion ofwbitc precipitates. The white precipi tates were then 

collected by centrifugation and washed three times with 

d istillcd water. This was followed by evaporation of the 
solvent in a vacuum desiccator. Tile rice-shaped mixtures 

were obtained fro m a lurea i!IGdC13-6 H201 ratio of X for a 
reactio n Qf 1 0 h at -90 oc. 

The powder X-ray diffraction pa·ttcrn of <.id(C03)0H 

particles was recorded at the BLO 1 C2 bcamline of National 

Synchrotron Radiation Research Center (NSRRC) in Tai­

wan. The ring of NSRRC was operated at energy 1.5 GeV 

witlt a typic.tl cu tTent 300 mA. The wavelength of the inci­

dent X-rays was 0 .9537 A ( 13.0 kcV), ddivcred from the 

;;uperconducting wavele ngth-shifting magnet and a S i( I l l) 

double-crysta 1 monochromator. The diffraction pattern was 

recorded wi th a Mar345 imaging plate detector approxi ­

mately 300 mm from the sample and typical cxpo~urc dura­
tion 5 min. Tbc pixel size of Mar345 was 100 iJm. Tb.e 

QUe-dimensional powder diffraction profi le was converted 

with program F1T2D and cake-type integratiQn. The dif­

fract ion angles were cal ibrated according to Bragg posi­

tions of Ag-Benhenate and Si powder (NBS640b) s tan­

dards. In-situ F-ynchrotron X-ray powder diffraction for 

Gd(C03)0H was performed at BL01C2 from 23 ec t0 650 

oc with tl heuting rutc approximately 4 °C/ min. The powder 

sample was scaled in a quartz eapilla1y (0.5 nun diameter) 

and helltcd in u stream of hQt air: each in-situ powder XIID 
pattern was expo~ed for about I min. 

The struc ture was determined from t.he powder dif­

fraction data with program DAS H. 1
ij Powder diffraction 

data were indexed with Dicvol and Trcor. The ~trucltlre 

factors Q[ the pQwdcr di ffraction patt.cm s were extracted 

with Pawley 's method, and simulated annealing was em­

ployed to dett:rmine the crysta l ~tructure. The final refine­

ment with the Ri etveld method was performed with the 
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GSAS program. ' ; 

X-n1y ab~orptiQn near edge spectra (XA.t"'ES) of t.he 

Gd Lm-edge was perfonned at NSRRC beamliue BL17Cl , 

using a Si (I , 1, I ) douhle-crystalmonochromator and a fo­

cuo.ing mirror to tocus X-ray beam and suppress higher har­

monics. The ground powder sample was attached to Scotch 

tape. XANES was conducted in a transmission mode be ­

fore and behind th..: sample with two ionization chambers 

filled with gaseous N2. The Gd Lm··cdgc spectrum was 

scanned from 7000 to 7900 eV in steps 0.3 eV close to the 

near edge <1nd 1-2 eV above tl1e edge. 

RESULTS ANO DISCUSSION 

Gd0(C03)0H particles were synthesized on rcfluxing 

aquCQUS solutions Q[ gadQlinium salt and urea. The dura­

tion o f reaction and ratio of couceutratious of [urea] to 

l GdCly6H20 ] were cQntrolled to yie ld three polymor­

phous : spherical, rhombus and rice-shaped nanopart icles. 

Park eta!. ei UI:idated the e ffects of the concentration of 

urea and the reaction temperature on the morphology o f Gd 

compounds too .2 The spherical particles have an average 

diameter of 478 ± 70.8 run estimated by SE:\1.6 The rhom­

bus -shaped particles displayed an average size of 4 71.2 run 
in height and 198.9 nm in diameter. The rice-shaped parti­

cles have an uvcragc lcngtb. of585.1 ± 143.0 nm and diumc­

terof2 14.7±5.).0 mn. Fig. I presents thepowderX-ray 

di ffraction paUem s of lhc sphere& and rhombus particles. 

Tbc spheres yielded a dominant amorphous signal and 

some tiny diffraction fcall.1rcs. T he rhombus- and rice-

c 

b 

5 to 1S 20 25 30 35 40 

2a (degree, J.. = 0.9537A) 

Fig. I. Synchrotron powder X-ray diffraction patte rllS 
ofGd(C0 3)0H (a) sphere(b) sphere (x 10) sub­
tracted backgroru1d (c) rhombus particles. 
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shaped part icles yielded similar diffraction patterns. Tb.e 

tiny featurt:ti from the ~plJere particles (Fig . 1 b) occurred at 

diffraction <mgles similar to those fiom the rhombus pa.tti­

cles (Fig. I c). These XRD patterns indicate that the three 

samples contained the same crystalline phase. The grain 

si7.e of rhombus-shaped particle~ was estimated with 

Scherrer's equation to be 46.8 nm. 
Powder <.litTraction data were indexed using progmms 

Dicvol and Trcor. Both programs revealed that the best fit­

ting unit c.:ell was hexagonal. In a reasonable crystal modeL 

the Gd compound contained a carbonate, H"O and GdO~ 

polyhedron; a ll attempt~ to find u pnH.:t it.:<il model to fit such 

a highly 5ymmetric cry;;tal &ystem eventually fail ed. The 

crystal phase also was indcr.crminatc by direct method. After 

substantial difficulty, we c.Jccidcd to reduce the sy!Tllut.:try to 

that of orthorhombic cry~ tal syi>l.cm. Tltc strucrurc factor~ 
were extracted with Pawley's method. We undertook simu­

lated annealing to solve the crystal structure using the 

D ASH program. Wi1J1 the GSAS program, th~ final refi ne­

ment with the Rietveld method (fig. 2) converged to Rwp = 

6.28 %, Rp = 4.47 %and x~ = 1.348. The crystal data of 

Gd(C03)0H are listed in Table 1. atomic coordinates in Table 

2 and selected interatomic distances and bond angles in 
Table 3. All i.ltomic positions and tbc1mal parameters are ad­
justed in the Rietveld refinement, except that the position of 

the H atom was set according to its the<lretical position with 

occupancy 0.5. The mean distance be £Ween Gd and 0 of car­
bonate is 2.5 ~ 2.7 A. The distance between Gd and OH an-

.. 
Gd(CO,)OH 

Pnma 

! 

l 

s 10 15 2() 25 30 35 40 

20 (degree. i..=O.G537A) 

Fig. 2. Rietveld refiul!'ment of Gd( CO.;)OII. ( ): ex­
perimental data; sol id line: simulation c urve; 
short tick: Bragg diffraction position; lower 
c urve: difference h~o:twten experiment11l and 

simulateil data. 
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formula Gd(C0~)011 Gd10 1CO, Gd10 .1 

ma~slg 2~4.25 406.5 :~62 .5 

wavelength/A 0.9537 0.95.17 0.9537 
temperuture/"( : 25 545 650 

space l:,'l'Ollp Pnma PIS/mm r. I a -3 
cell parameters/A a - 7.08 J 09(9), a -· 3.9222( I), a- I 0.8906(1) 

h = 4.!i!i436( T), r. = 15.4624 (II) 
r. =- X.45010(B) 

cell volumt:/A; 292.26 205.99 1291.6/i 
7. 4 2 16 

Dc.vMg/m1 3.21 3.95 4.49 
R,..,f'Yo 6.2X 2.62 3.6S 

Rf'% 4.47 1.77 2.41 

'l. 134!i 1.435 O.!i6 
.grain l'>i7.e /l1n1 46.X 20.0 25.7 

Table 2. Fractional atomic cooJdinatcs and thermal parameters 
for Gd(C01)01 I, Gd20 2C01 and Gd20:; 

X Y 7. U;.o''l 00 

Name: Cd(C03)0D 
Gd J 0.3594(2) 0.25 0 .8352(2) 5.99(6) 
OJ 0.157(1) -0.023(2) 0.61 26(9) 8.2(3) 
02 0.037(1) 0.25 0.889(1) 6.6(4) 
0.) 0.295(2) -0.25 0.799(2) 9.1(5) 
Cl 0.197(4) -0.25 0 .663(5) 14.0(9) 
III -0.0026 0. !47 0 .976 17.0 
Gd2 

Name: Gd20 2C0 3 

<ld l 1!3 2/3 0.09410(7) 3.7R(4) 
OJ 0.260(3) 0.520(5) li4 8.8(3) 
02 0 {) 0. 1759(9) X.X(J) 
03 J;3 2/3 0.5558(5) 8.8(3) 
Cl 0.05(2) 0.09(3) 1 !4 13.(3) 
H I 
(iJ2 

Nam~.;Gd10.1 

( idl 1/4 1i4 1/4 3.5( 1) 
OJ 0.3904(9) 0.1513(9) 0.379(1) 2.0(2) 
02 
03 
Cl 
HI 
Gd2 0 .9710(1) 0 1!4 3.73(6) 

ion i ~ only ~2.3 A. Pig. 3 indicates that Gd(C03)0H t~1nned 
a three-dimensional framework structure, assemhled from a 

Gd01,) polyhedron, with CO/ and OH' anion group&. The 
Gd atom i& coordinated with ten oxygen atoms, eight from 

cot groups and two from OR' anions; the C atom is coor­
dinated with three 0 atoms to form a carbonate. A fragment 

of Gd(C01)0H is shown below with atomic names labeled. 
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Tahlt: .1. SdectcJ interatomic distances and hm11l ang les for (rd(C03)0H. ( rd10 2C03 and Od20 3 

interatomic distance ! A 
C'ompoun<ls G<1C030H G<l201C03 G<l~03 

Cid-Od; .U222(t.J) .l9222( I) 1.6110(!\) 
Gd-0 1 2.7 1 (>(7) 2.462(4) 2.4 i (>(9) 
Gd-01; 2.595(7) 2.462( 4) 
Gd- 0 1;" 2.532(7) 2.462(4) 
Gd-02 2.330(8) 2 594(6) 
Gd-Oi 2.270(9) 2.594(6) 229(1) 
Gd- 03 2.503(3) 2 .34 !(2) 2.34(2) 
C-01 1.221(3) 1.19(4) 
e--m 1.144(]) 1.45(12) 

Gd. 02, 03 and C were located on m.iiTor planes. \Vhcn the 

OH' anion is ignored, the Gd compound forms an eight­

membered ring framework and a onc-dimensiollc'll channel 

along the b axis with hole d imensions 5.1 7 x 7.33 A. The 

framework of Gd(CO~)OH resembles that of[Y(H20)h 

(C20 4)((0,)2l
2 hut with OH' in the cavity. fY(H 10)]lCl04) 

(CO;h is also aF-sernbled from YOw polyhedron, carbonate, 

H10, and a C204 group fonning a one-dimensional network 

along the " axis. The channel size of L Y(H:;0)h(C10 4) 

(C03) 2 is 4.7x6.2 A. Gd(C03)0H potentially serves as a po­

rous m<tteriul in some applications. such as hydrogen storage 

or secondary lithium-ion batteries. 

Gd(CO,)OH 

Whether a Gd compound contains 1-hO or OH' anions 
is difficult to determine with X-ray diffraction because of 

the s ma ll~<catlering power of H atoms. H 20 i:; electrically 

neutral whereas the OH anion is negatively charged; the 

ox idat ion state ofGd would be +2 if the compound con­

tains H20 and +3 if it contains OH anions. For that reason 

we applied Gd L1rrcdgc XANES to d<.:tcnniuc the <lxidation 

state:. of Gd compounds. Hcs~ d ul. 13 established that Gd 

Lm-edge spectra can be u~ed to elucidate of the st.ructura l 

phase transitio n in Gd2(Ti 1.PZr,)207 pyrochlo res. lmaki et 

a/.14 investigated with X-ray absorption spectra the electro-

bond iUlgle I d eg 

G<lC030l-1 Gd20 2CO; GJ20J 
01 -(id-0 1' 5R.ll2(2) 72.6(2) 100.5(2) 
01 -(id-02 67.44(3) (>7 1(3) 79.5(2) 
Ol-Gd-03 48. 73(3) 98.6(3) 110.6(7) 
02-Gd-03 81.04(3) 119.2(3) 89.2(5) 
02-Gd-O l; 8104(2) 75.4(2) 79.1(4) 
01-C-01 ;; 130.44(5) 149.0(10) 
0 1-C-03 114. i5(5) 106.0(5) 

d.J.cmical behavior of the pcrovskitc, Gd l'~Ta03 with defi­

cient A-si te, and the variation of its electronic struelure 

upon insertion oflithium. Gd Lm-edge and Ta Lrcdgc XAS 

revealed that, during the electrochemical insertion of lith­

ium, the Gd ion made no contribution to charge compensa­

t ion, but theTa ion was reduced. We appl ied XANES to the 

Od L11r edge of Gd(CO 3)0 H to asse.s~ the oxidation state of 

Gd. f ig. 4 displays XA..L'\fES of Gd Lw-edgc of Gd(COJ)OH 

(rhombus) and GdCI,; ·6H20. The X-ray 11bsorption edge of 

Gd(C03)0 H is the same as that in GdClr6H20. The X-ray 

ab~orption edge energies, Elh are 7239.5 and 7239.0 eV for 

GdCh·6H20 and Gd(CO~)OH particles respectively. Eo 
represent!> the edge energy of the X-r<Jy absorption spectra, 

obta ined from the first point of intlection near the ab&orp­

tion edge. The XANES re&ults reveal that tl1c oxidation 

state of Gd was 3+ in aU these samples. Accordingly, the 

Linkage group in the Gd -complcx i& an OH' anion rather 

than a H20 group. In summary, we suggest Gd(C03)0H to 

Fig. 3. Crystal packing for Gd(C01)0II aloug the b 
axi ~. 
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be I he most appropriate formula oft he G<.l compound. 

GJ (COJ)OH is one member o f a family of rare-earth 

hy<lroxycarbouates (Ln(CO, )OH] tbat have been exteu-

I \l/''----------4b 
__)/~~~ 

} 
___ _) 

7200 7240 7280 7320 7360 
Energy (eV) 

Fig. 4. XANES spectrum for Od Lu1- edge for (a) 
( idCI3 ·oH20 (h) Cidl<'OJ)OH. 

!, 
! 

lb IS 21J zs 30 ~ •o 60 

2e (Cegree. '· ' 0.0537A) 

Fig. 5. In-situ >y nchrotron X-ray powd~r diffraction, 
25-650 "C, for rhombus-shaped Gd(C0 110II. 

Shcu ct al. 

sivcly studied.15
.:;

4 Caro el al. asserted tbc existence oflwo 

forms ofLn(C03)0H: A-type (ancylite), Ln(OH)C03 • is 

orthorhombic and B-type (bastuaesite) is hexagona1. 17 The 

O H infrared ahsorprions in both types are narrow. reveal ing 

a narrow distribution of states of vibralional energy. The 

chemical environment of the oH· group is sim[1le. Xu and 

Fcng e1 al. dctenniocd th e structures ofSm(C03)0 H20 and 

Nd(CO_,)OH21 with single-crystal diffraction. Our results 

suggest tha t the crystal structure of Gd(COJ)OH is 

isomorphous with those of Srn(CO,)OH and Nd(CO,)OH. 

Our thermogravimetric analysis (TGA) of Gd(COJ )0H1
' 

s howed th<lt the fi rst st.1 ge of loss of mass occurs at - 500 "C 

fo r the rhombus sample, ind icating the Od-complex to be 

thcnnally s rablc. Park e1 a!. found thai a large loss of mass 

ofGd~O(C03)2-H20 to occur <~t 497 °C ,2 and suggested that 

this phenomenon was associated with a 5.imultancous dehy­
dration and decomposition of carbonate g roups, as in the 

case of Nd10(C03)r 1.5H20. 1;; Our info rmat ion o n the 

c ryst<J lline structure de monstr<Jt.es that a s uper ior dt:!,o.crip­

t io n of thi s Od compound would involve the OH" a nion 

rather than wal.cr ; Ibis OH" anion is bound between two Gd 

atoms. The noticeably small interatomic distance Gd-O(H), 

- 2.3 A, corresponds to strong binding, which is responsi­

ble for a tight link between OR anions and the GJ frame ­

work, thus perhaps explaining t:hat Gd(C01)0H htiS s uch 

g reat th erma 1 sta h i I ity. 

Pig. 5 exhibi ts the in-situ X-ray powder d if traction 

for rhomb11s Gd(C03)0H from 23 octo 650 oe, Two phases 

transition "vcrc observed. T he firsl phase transi tion oc­

c urred at - 500 °C and was complete at - 510 °C, which is 

consistent with TGA analysis for the first loss of mass at <1 

similar temperature. We assignlht:. crystalline phase above 

500 oc to be Gd202CO;~ according to JCPDS. When the 

~':ample was heated to 650 "C a ~econd phase appe~red. We 

maintained the sample at 650 "C for 20 min fo r the phase 

transition to complete. This second phase is as~igocd to 

Gd20J according to the JCPDS file. 

Gd20 2C03 cty stallizcs in a hexagonal ctystal system 

although its cryst;1 l structure has not been determined. 

Christensen25 and Atttield and Pereyu' ment ioned that syn­

chrotron and conventional XRD patterns for Nd20 2C03 

and La2ChC0 3 were completely indexed o n the hexagonal 

unit cells . Olafscn eta/ solved the crystal slm cn1rcs of 

Ln202C0.1 (Ln- La and Nd) with high-resolution powder 

neutron (PND) and synclu-olron X-ray diffraction (SXRD) 

combined with selected-area electron diffraction (SAED). 
27 Olafsen demonstrated that SXRD of La20~C03 exhihit~ 
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au average slructurc of l.tcxu.gonal symmetry wilb disonkr 

of the CO, group (one C and one 0 atoms we.re disordered 

in the hexagonal crystal s rrudure). P:t-.TD paUerus showed 

satellite features associated with a modulated structure 

from the carbonate group. Electron diffraction (SAED) 

demonstrated clear single-crystal diffraction patterns of 

modulaLCd stmcuucs of La20 2C03; Olafsen et al thus re­

fined the PND patterns with ortht,rb.ombic, A mal, and 

monoclinic, C 2/c, crys1al systems for La20 2C03. Two-di­

mensional modulated structures were employed to describe 

the La20 2COJ crystal structures. We used hexagonal sym­

metry with space group P 61/mmc to refine our synchrotron 

XRD pattern ofGd20 2C03 with the Rietveld method. A 

Gd~02C03 XRD pattern at - 545 oc was selected for 

Rietveh.l refinement. The atomic coordinates of La202C03 

in hexagonal symmetry were chosen from the lit.cralmc 2' 

for an initial model. Fig. 6 displays the Rietveld refined 

patterns for Gd~02C03 at -545 "C. Tl1e cryM.al data of 

Gd~02CO~ are listed in T;.~bl e 1, atomic coon.lin;.~te~ in Table 2 

and !;elected interatomic distances and bond angles in Table 

3. Gd10 2C03 is considered lobe rwo Gd(C03)0H and one 

lost H2CO, . Compounds lost during thermal decomposi­

tion might be H20 and C02, cousistcnl with previous rc­

por1s2·15 predicting a loss of mass at -500 °C to be associ­

ated with dehydration and decomposition of carbomttc. A 

slight mod ification is tha t H20 might come from the rear­

rangement a nd decompo&ition of two OH gToups. T he 

Gd20 2C03 crystal stnJCture contains no one-dimensional 

cham1cl structure bm crystallizes witb. alternating (Gd20 2) ., 

•oooo 

::5. 
!!,6000 
i!' 
'01 
~ 4000 
E 

2000 

0 

.----------------------------

Gdp2co, 
P&;/mmo 

-r- ~~--r---r-·~ 
ro e w e ~ ~ ~ ~ ~ 

29 (degree. A. =0 9537 A) 

Fig. 6. Rietveld refinement of Gd202CO.; nt 545 oc. 
(- ): experimental data; solid line: ~imulation 
curvl:'; short ti.;k : Bmgg diffra,tion position; 
lower ctJrve: difference between experimental 
and ~imulatcd data . 
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and caxbonatc layers a long tbc t' axis for layer di~lanccs 

5.45 and 2.29 A respectively (Fig. 7). In Gd202COJ, Gd is 

coordinated with eight 0 atoms lo form a GdO~ polyhe­

dron. The average Gd- 0 distance i~ 2.45 A, shorter than 

that in Ud(CO))OH, -2.6 A. Tb.e calculated cry~tal densi­

ties are 3.21 and 3.95 \llglrn1 tor Gd(CO;)OH and Gd20 2C03 

respectively, which indieat.c that, w ith H1C03 dceomposi­

ti(lU, Gd202CO~ becomes denser th<m Gd(CO~)OH. 

With increasing temperature we s~w a succession of 

phase transitions. Gd202C0.1 tumed to Gd20:~ near 650 "C. 
The phase transition became completed when the sample 

was maintained at 650 "C for 20 min. Gd20 1C01 lost one 

C02 group during thermal decomposition. Gd20~ crystal­

lizes in a cubic system wirh space group I a-3.2~·~9 Fig. 8 

shows t:b.c Rietveld refinement for powder XRD pattern of 

Gd~01 at 650 oc. The crystal data ofGd~03 arc listed in Table 

l. atomic coordinates in Table 2 and selected interatomic 

distances and bond angles in Table 3. No disorder or modu­

lated ~tructure was found in Gd20 .1. GJ in Gd20 ; is wordi­

nated with six 0 atoms to form an octahedral structure. The 

average Gd-0 boud distance is ~2.35 A, shorter than in 

Carbonate 

s.46A 

5.45A 

Fig. 7 Crystal packing ofGd201CO! in which fGd01)u 
and carbonate groups form a layer structure 
along the c axis. 
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G<h02C03 and Gd2(C03)0H. The calculated density for 

Gd~O-, i ~ 4.49 :vfg I m3 which is much greater than in 
Gd20 2C'03 and Gdl(CO,)OH. Because of the great chemi­

cal and thermal stability at high temperatures. Gd20 .1 and 

its derivatives have been investigated for diverse applica­

tions, including high-efticiency phosphors ;1
1\'

1 1 ferroe lec­

tric mcmory,32 and optical detection and visualization of 
antibody pattern~. :n 

CO~CLUSIO~ 

The crystal strucmrc ofGd(C03)0H was de termined 

hy synchrotron X-ray powder diffraction . Gd(CO))OH haf> 

a tbccc-dimL'Dsional network with Gd coordinated with car­

bonate and OK anion groups. A strong link between Gd 

and OR' endows it. \V:ith great thermal s tability. XANES of 

the Gd !.wedge ofGd(C0 3)01-1 revealed that the oxidation 

state ofGJ is +3. In-situ Powder X-ray diffractometry was 

applied to srudy the phase transition of Gd(C03)0H. Two 

crystalline phases were found at - 500 and 650 <>c and as­

signed to Gd10 2CO, and Gd10.h respectively. The detailed 

crystal stn1ctures of Ud~02C03 and Ud20 3 were obtained 

on Rietveld re fin emt!nt. The Gd coordination number de­

crea~ed from I 0 and H to 6 for Gd(C03)0H, Gd20 2CO: and 

Gd20 .1. respt:ctively. fo llowing the phase transitions. The 

Gd- 0 distances in Gd(C03)0H, Gd20 2C03 and Gd20 1 de­
creased fo llowing the phase transit ions, so that these Gd 

compounds became denser. 

10 15 2il 25 30 ~ 40 45 50 
26 (degree, l. = 0.9537 A) 

Fig. X. Rit:!velu rt:.finement of<l•.h <'O:J at 650 "C. (+): 
experimental data; solid line: simulation curve; 
short t ick: Bragg d i ffraction posit ion; lower 

c ur ve: d ifference hellveen experimenta l and 

simulated data. 
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