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‘The fluorlde and sulfate cqmplexcs
of 2Zr(IV). s
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"2 — 378351 Mass-spectrometric _study of the
roperties of Zr-F species. Edmond Murad

”i‘Phi?f"lS(‘12),“4751—2(1966)(Eng). A mixt. of CaF, and Zr was!’_ 1

"thermodynamic|
and Donald. LL 7

| (906

2 p———

409

Tt
— - PP p - . < e
3_' =~ Hildenbrand (Philco Corp., Newport Beach, Calif.). J. Chem.

Y "'“"—' heats of reaction were caled.

§ T ‘ihcated at 1630-741°, and the mass spectrim of the effusing vapor
. - “*was taken. The following ions were identified: Cat, CaFt,
P T AR, LrFet, and ZrFy*. The appearance potentials of these ions andf
" .‘ithe jon intensities were measured. Equil. consts. and 3rd-law
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! tiometric investigation.- -Bertil Noren__
vActa Chem. Scand. 21(9), 2457-62(1967)(Eng). . The fluoride |
" complexes formed by Zr(IV) were studied by means of potentio- |
metric  measurements (using ~the ‘Fe*/Fe** electrode).
K.* for the complex equil., ZrtF(.;y + HF

fst:).bility consts.,
— .= ZrF, + H*, where

ito 4M HCIOy, and a temp. of 20°. RCMW

2 < n < 6, were detd. The results refer!”

197

— . '53076h The fluoride coin;ﬁ&eé of zirrconium(iV).A A j)oten- f
i SUniv. Lund, Swed.).!
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Lo o 7 Bariil. The fluoride’. complexes of. ‘zirconiufl (IV]]
Q%Lu,(a

o T’g-;c,)lann e

=008

~dropunbie _KOMIACKCH . ueThipexsanenTHoro} ‘-~
{ LHPKOHHA, TGTenfinoMerpiieckOe ncenefonanne. - Norenj. - -

1A pofenhometric‘invéstigntion. «Acta’ chem. scand.», 1967,
21, Ne 9, 2457—2462 ;(aurm) . - ¢ O ‘ -
i3 ‘peayanbTaTOB NOTEeHWIQMEeTpHY: liccieiosanun obpaso-
BaHNA (TOPHAHBIX. KOMIJIEKCOB Zr (4+), mpn 20,00+0,05°
8. 4,00 M HCIO,," nbmonﬂeugxbxx.‘c.'xlpnopbaonnlxrienx Fel+/

i A : BTN

[Fe3+-3/1eKTpO/id, - BHIYHC/EHE! CeAYIOlilie, 3HAUeHIT KOH-}’ B

Jcrant paBHOBecHs . POLECCOB,  AHANOFHYHBLIX _ICCNELOBAH-| -
{upe ana HE (44) (Cum. ped. 13B72): 'Ki*=(2,6=:0,5) - 104,
AKa*=(1,0£0,1) 10, - Ki*=(1,9£0,3)-10%. . Kg*=(0,34£ 7" =
, 06) -10? 11 K¢*=2=1. Conocraniiensl 3iauenis Ku* naal @7
-+ . {¢pTopunnbix’ KoMmekcoB Zr (4+) 1 HI:(4+). W. T. Puicc]:- .-
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"2'R70. . Hcchenopanie KOMIIeKC006PasoB inns

B: H, Komapos-E. B

—IeHKOB M. O. «Pannoxinmsy, 1969, 11, No 4. 460480
— '+ Ha3yueno xommexcooGpasonanite - Zr(4+)c-¢drop-nono
‘B p-pax HCIO, it HNO;(2:1 1 M). Paccuntans xoncTanTh
T ,06pasopamis ‘womnaekcos ZrE3+ i ZrF,i+ Otxeueno, uto
/COPOUHST KATHOHHEIX KOMIIGKCOB' HOTTOM 3aTpyansier pac-

T YeT KOHCTaHT-00pPa30BaHIsl BHICIINX KOMILICKCHBIX
‘Zr(44) MeTomOM HOHIIOrO obMema. - ' - -

1969

Lr(IV) ’——
¢ (hTop-nonom B pacreopax HCIO, u HNO, METOJ10M HOHHO-

__z.;c—‘az - ro-.obmena,

1 yur-
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Y/ 4B734.  Tepwonmmawnuessni auauia_peaxuni oropt| /974

& P poBanHsi nBYOKHCH uupkonus. Komapo M. JI, Cene‘s-:
L2 Y wes B. I, Cynapuxos B. H, Tpohos B. B. «Ip.
Mock. xuMm.-texHoua. HH-Ta M. . WU. Mengeneena», 1972,

l ﬂ Buin. 71, 73—76

QL 2' ITpoussenen pacuer TepmoaMHaMHu. GyHkumit (AH° n |
AG7% B nutepsane T-p 298—1100°K nmas p-umit = ¢ropu- |
poBaHHs ZrOgu)+4HF ny=ZrFiu)+2H20(ry (1); ZrOgu+ |
+2HF(r)=Zl'OFz(1<)+HzO(r) (2); ZTOF:(K)+2HF(|-)= 1
- =ZrFyu)+HaOw (3); ZrOgu)+2Fs(ry=ZrFaay+O0ar) (4); |
ZrOg(1)+ Far)=ZrOF2x)+0,502(r) (5); ZrOFgu+Fam=

" =ZrFyu) + 0,501 6); ZrOguy + ZrFyun= |
=2ZrOFzu) (7). Tlpu t-pax 298 u 1100°K AH® u AG° .
. paBubl aas (1) —51,695; —49,491; —32,954; 416,612, nas -
(2) —3040, — —21,90; +0,84, paa (3) —21,30; —; |
=1,00; 416,60, nmas (4) —195300; —192,197; |
~—I184,886; —159,128, - mas (5) —102,20; —; -—97,93; |
—86,33, nns (6) —93,10; —; —87,00; —70,60, mas (7)

—9,10; —; —10,90; —15,70 KKkas/MO/Ib, COOTBETCTBEHHO. :




[2“‘/&]1-. ' Powpcw N A, L@ji

v., Uzl . Khim | 31\,",

(K orpas) 1972, 16 (o) , 1#-23 .
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[ZzFE [/Lzo O2R J5 IR Tires o, 1974
Gekd Si Fe2 lolaFy /Vp) XTy-6504
HapnmeB H.A. ,llacaiennukos U.A.,A0ny/uiaeBa X.C
UccioeroBanue QTOPUIHHX KOMIIEKCOB HEKOTOR
PHX BJIEMEHTOB (U3UKO-XMMUYECKUNI METONaMU.
B CO,"Xumusa 1 XUMUYECKas TEXHOJOTUS pell—
KX ¥ IBETHHX MeTaJuioB",TaukeHT,us3u~Bo"dan"
¥3.CCP,I974,cTp.39-46.



T2 /97”46
(\«‘/-/La."fw//?éﬁ -

Zr Fu o y. 6/ BT w}/

| . - XW /j/f.?/

5. Heay g

| Wi 2 33/‘/ YZ4

Aé A// ., o

/ A// ) |

@ /@/ 2w, L)



2, 45_ O 89X Fog

- 7%
Z 7 il

R —fVEL bt
75 Y - R0 (2
2 gl )

2 %ﬂ =z






W~ | kg T

4
b . 1716 B1744.' " TemnepatypHas 3aBUCUMOCTb ~ TEPMOAHMA-}
r“,Z —  ’MHYeCKHX XapaKTEPHCTHK peakuuii o6pa3oBaHHs (bropuzx-f
Z Jl_ HBIX KOMIJEKCOB UMpKouua u raduus B pactBope. Koa-
6 nosckuit E. B, Bacuases B. [II, Koxypu-r
‘ywa I. JI. «5-piit Beec. cuMmmo3. mo XHMHH HeopraH. ¢To-
- pu108, -JlnenponeTposek, 11978». M,, 1978, 140 By
- KaopiMCTPHUYCCKH H3MCPCHL SHTAJBNHH P-PCHIA KpnCT.‘,/
ixnopugos Zr u Hf B soau. p-pax HF mpu T-pax 15, 25
35°, C mcnoab3oBanueM JHT. Kyer F-KoMmiekcos u AH .
p-pemis XJ0pHAOB A0 TH1PATUPOBANHLIX HOHOB paccunta- /|

- ! . unt ctang. AH-u ACp B p-unax MA++nF—=MF 4-n rpe/
(ZA//' Z/7 M=Zr, Hi; n=5m 0. [Mpu 25° /

(&

AH (xxaa/monn)
(ZiF) =23%07 (30): _ (ZrFgt) 56206 (08);
U(HIFs) 3.0%05 ; (HIEg*")%9*°0 (0,8) B ckoGkax — v

OTRJOMCIHIS C yuCTOM OUIHOOK B 3HAUCHHSX Kycr. Cpoc-
-ToM T-pul AH  yBeJHUIBAIOTCA. ACp He 3aBHCAT OT T-pu
@ @ u pasubl 18020 KKaa/Moab-Tpag Jsst MFs=, 210+20

aas ZrFe?—. u 20020 aad HIiFg*—. _JI."B. Apcecnxon‘

V77 76




i / £ -— ~ Z-‘
Zv - [ o] JFT- NV
oy ) BY: 205140c “I'emperature dependence of” thermodynamic
// ._/C ., characteristics of the formation of zirconium and hafnium
//-.’r’ﬂ"'f/-"“-t'% uoro complexes in a solution. Kozlovskii, E. V.; Vasil'ev, V,
: /P, Kokurina, G. L. R). 58-I Vses. Simpoz. po Khimii
~” Neorgan. Ftoridov, Dnepropetrovsk. 378 \ 1978, 140 (Russ).

From Ref. Zh., Khim. 1978, Abst:.. 'o. 16B1744. Title only
translated. . oide g
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g%\f}( Y2 190465a I'luorine compounds, inorganic .- zirconium.

Meshri, D. T (Ozark-Mahoning Co., Tulsa, OK USA). Kirk-Othmer

Encycl. .Chem. Technol.,, 3rd FEd. . 1980, 10, - 827-8 (Ling).

Edited by Grayson, Murtin; Eckroth, David. Wiley: New York,

N, Y. A review with 18 refs. on ZrF2, ZrFy, ZrF4, and
_fluorozirconates. .
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%— 4 B875. Macc-cnekTpoMeTpHYeCcKOe onpeaesneHne sn-}
TANbOHA AMCCOUMAUMM HA HeTPAJbHBIE M  3apsIKeHHble:

TIPONYKTH! KOMIUJICKCHBIX MOJIEKYA (TOPHAOB B ra3oBoii
$aze. VI. uranvnus o6pasosamms ZrFs—. Mass spectro-|
metric determination of the enthalpies of dissociation of '
gaseous complex fluorides into neutral and charged:
Earticles. VI. Enthalpy of formation of ZrFs~. Sko-!

an E.V, SorokinI. D, Sidorov L. N, Niki-!
tin M. L. <Int. J. Mass Spectrom. and Ion Phys.», 1982,

43, Ne 4, 309—325 (anra.)
J # ' C nomompio Macc-criekTpoMeTpa, 060pya0BanHOro 3ddy-
) 3HOHHOI sTUeliKOfl, H3MePEeHH KOHCTAHTH DPaBHOBECHS T'A30-

tdasnbix p-mmii AlFy+ZrFs—=ZrFy+AlFs— (1) 1 ZrF-=
=7ZrFy+ZrFs— (2). Tlo 3-My 3aKoHy  pacCUHTAHH"
AH°xs (1)=—22,1C,7 kkaa/moms u AH°ys (2)=5124
+1,0 kkan/vonb. C npuBJIEYCHHEM JIHT. AAHHHIX BHYHCJE-
Hb Aff°5=—98,1+-3,4 Kkan/Moab Ans rasodasuoft p-umm



ZtF,+F~=ZrFs~ n  —AH°x oGpa3oBanis ZrFs-|
(559,24:3,4 Kkan/Moab) H ZroFo~ (1010,4=3,6 xkan/moab) .|
Ha ocrioBe NMPOBEACHHBIX OLEHOK CTPYKTYPBl H MOJCK. TO-
CTOSIHHBIX PAacCYHTaHBl (YHKUHH cBo0OAHOII  3HEPrHH 1
H°r—HCqs MoJekys MZrFs. D10 MO3BOJIH/IO  nepecMoT-
peTb JIHT. JaHHbE IO AH°xs 06p. (MZrFs) u mo AH®g
rasodasubix p-uHit MZrFs=MF+ZrFs (3) n MZrFs=
‘=M++ZrFs— (4). PexomenpoBarbl  CJed.  BEJIHUHHbI
AHCs (3), AHxs (4) m AH°xs 00p. (B KKaa/MoJb):
56,7+1,4, 143,2 u 5382+37 nan M=Li; 61,7+1,8, 117,7
n 531,1+2,1 mas M=Na, 63,3=1,3, 105,1 n 541,4+1,7
s M=K; 62,4+1,7, 1000 u 542,1+2,0 aasn  M=Rb;
59,9+1,0, 94,0 u 5451%1,5 kkaa/monb paas M=Cs. Ile-
PCCMOTPEHBl TaKKe BCJHYHHDL —AH®s, o6p. MAIF, u
npeatoxensl caen.: 4414 pas M=Li, 441,3 pan M=Na,,
4535 nas M=K, 4550 anmn M=Rb, 460,7 aan M=Cs.,|

B: B. Ue
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T 97: 189075v  Muss spectrometric determination of the cn:l'
thualpies of disscciation of gescous complex fluorides into)
neutral arnd charged particies. VI, ..n!hwlp\ of furmntion|
of x-«-rmuluuronrcun:\u (Zrl's). Shokan, E. V.. Sorokin, L

).; Siderov, L. N Nikiting ML (Dop (l.em.. Mascow K-.m-f
Univ.,, 117234 Moscow, USSR Int Mass Spectrum. lon)
Phys. 19820 13040, 202-25  (Fne Effusion and mass ;|
spe. troszopic methods were uacd to s Ld_\ the fva/mol. equil.
involving neg iens Znbss and Zr:ts- Ih ats of the reactic 5:
Zr¥e + F- Zrrs and Zrel' + / Fy- = ZrFa were dotd.
208.15 K. tromn which the heats of 24)rm'mv\n viere derived. Hy
using these values and information from the

fnrm.xlmn and moi. cun<l> were estd. for MZrFs and MZeaFa (\h

is an alkali metad) and their beats uf dissocn.

aaled.

into ions “Ch"

|
literature, Leats of ‘

) Mts, M2, s /A/é’aacc)

e A.1964, 5% w AL
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ﬂ?%é ‘//ﬂ%[)'ssmo _Kp eckne  capy xg/gzg;-‘g
' i PHCTAIIHIECKHE KTYpHl rFs-H.,0.!
f j ¢ ~2H0 n ZrFs-H;0-Hy0. Structures of oxonium penta-:
fluorozirconate mono- and dihydrates / Charpin P., Lan-|
ce M., Nierlich M.. Vigner J., Lambard J. // Acta cry-!
stallogr. C.— 1988.— 44, Ne 10.—C. 1698—1701.— - Aurr.i
© Tlposenen PCrA moHo- u nuruapata: ZrFs-Hs0-2H,0!
(I) — monoka.: a 10,171, b 6,603, ¢ 18,156 A, ,29° 1
Z 8, ¢. rp. C2, R 0,045, 977 orpaxennit; ZrFs.H 0O-H,0|
“(II) — pomGuu.: a 6,620, b 9,858, ¢ 8,066 &, Z 4, . Tp.
mmm, R 0,022, 323 orpaxenns. B I u Il nunenenu'
AyMepuble ceTKH H3 (ZrFs) ™, cBf3aHHHe HOHAMH OKCO-
Hust u Mmoaekynamu HO ¢ nomowslo  cBsizeft Tunal
OH...O u O—H...F. IpuHuunnaneoe pasinune Mex-,
ay I u Il (o6najalolinMH . NPaKTHYECKH HAEHTHUHBIMy!
ZrFs™-CI0AMH) 3aKJIOYEHO B HX PA3JHYHHX YMAKOBKax i
B H3MeHeHHH cxeMn H-csseii. B cioe atoMm Zr B Jo0-
KaJbHOM OKpYXeHHH cogepxar 8 aTtomoB F, u3 HHX 6 —
y4acTByioT B - (DOPMHPOBAHHH CBf3cii ¢ 3 COCeAHHMH aTo-
mamu Zr, 2 ap.—B o6pasoBanuu H-cesseil.

e e " T JE Miloman

N /989 18
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X./990, v /Y

m‘ﬁéﬁl”‘ﬁ‘REJ_Ia);x‘\igib];iééﬁoe . u3yHeHne = MOHOAHEP-

|

tlum(1V),  thorium(IV) an
‘HefterGlénn, Norén Ber

4 44, Ne 1.— C.'1—7.— ST e
Ha ocnose aannux. kanopusmerpid. TT it Jut. . JAaribX

|

mpoueceon * -MFpZlpd—n+l4

HBIX - TOPHAHBIX KOMILIEKCOD "CTHPEXBAJICHTHRIX HHPKO-
Mg, raduis, TOpus, u ypana.’ A ‘calorimetric ‘study. of the
mornonuclear fluoride: complexes' of - zirconium (1V), hafni-

d* uranium (1V) /- Ahrland Sten,
til- /| Acta chem: scand.— 1990.
Amra. -0 . ot

»

pafileHl KOHCTAHTH - paBHOBecHil- 1 BeJIUIHEL « SHTANLII

HF==MF j4=n4-H+, - n=1—4

s'mm ‘M=Zr*+, Hf%+, Thi n Ut B p-pe 4M -HCIOy ni)(u
)

%25":0. ‘BuaueHs -—A

n /134, n=3 —

_ H_(kDx/monb) 1_A:S (Oxk/MOdb:
\cocTapmm - cooTs, pan Zri+ npn n=1.5,6 1 163, n=2 49
0,7 u 127, n=4"10 n 76;. 401 Hf n=1

13,3 1162, n=2 3,1' n 135, n=3 —3,1-n 136, n=4 15,5
t.57; Th n=1 2,4 u 149, n=2-0,9 u.120;. aasa Un=1

I5,6.1 154, n=2 —2,1 1’
uTO  TenJioBHe SpeKTH ‘1
mufl suTponuitHEIA BRIAN
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m&ﬁ /5 L(////C 127: 165420r Heat capacity of glass—forming fluorozirconates.| .
'Lin, I-Ching; Navrotsky, Alexandra (Princeton Materials Institute and
: Department of Geosciences, Princeton University, Princeton, NJ 08544

/{ W .USA). J. Non—Cryst. Solids 1997, 215(2,3), 125-133 (Eng), Elsevier.
. Heat capacities of fluorozirconates between 25 and 800°C have been

_detd. by differential scanning calorimetry (DSC) and transposed—temp.—

drop calorimetry. Heat capacities of glasses are relatively similar, while

the heat capacities of melts are’ more distinct among different compns.

in the superliquidus range. The av. heat capacity between the glass

transition temp. (T) and the liquidus temp. (T}) has a value close to the

heat capacity of the supercooled lig. just above T, but is higher than

i the heat capacity of high—temp. melts. Therefore, the fluorozirconate

. exhibits an increased heat capacity in the Ty—T) interval. The region of

high heat capacity is related to the restructuring in the supercooled liq.

regime. This behavior supports our previous study which suggests a

substantial structural change from melt to glass. The restructuring gives

" excess contributions to heat capacity, enthalpy, and entropy and allows

the supercooled liq. to significantly lower its free energy (relative to one

which does not change structural state), resulting in a diminished ther-

modn. driving force for crystn. Glass formation in fluorozirconates is not

only controlled by kinetics but also assisted by restructuring thermodn.
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