3 X W o ¥ ¥ #H Vol.5.No.3
198949 A ) JOURNAL OF INORGANIC CHEMISTRY Sept.1989

BLTERRERLS PR ZHE

B AR RS RO

BARE  REL ShE FHH
CLEXFFER, Fd)

AXWET 298.15K Bf La. Ce. Pr. Nd. Sm. Eu. Gd. Dy. Ho. Yb. Y +—HFHELTERE
W B K SWIRENCS), - nH, O}E & Z BAK(DMA)K BB R BUT I A DL BAR R 89 +—Fb & +
TR R WML " FEZ BB S WIRE(NCS), - mDMAKEK F R B, MBI T AR TR
PACEERR, A SCET M8 RO B R BB R SO B, SR8 T X +—MRE(NCS), - mDMAMRE
AR, TR G T EMM SR, 1ok, &3 Tb. Er. Tm. Lu WARE(NCS), - mDMARKHIR
RURHAT T 165K |

XRiR: HFEERE —PREZEBER £+ RENARLE

5 E

FLARRRAREBRARZOREERRSY. ERAEOTIR F3IEAMIEALY
Y.

CHEZBEEBRELANEAN—RRE B—HEARNEIEN. E5R1LTER
WRRILE RS Y, BH AR, Lﬁ*xﬂ%#k*%%ﬁ&ﬁ%ﬁ%ﬁA
MRS RHERMIR S, BERBTNNRAEER.

RE(NCS), - nMDMAMIRHEA R RS AANED, W THE#FNE, 2CRHFTT
SRBACSIET: '

| AH
RE(NCS), + nH,0(c) + mDMA - 600H ,O(soln.) :
RE(NCS), - mDMA + (600 + n)H, O(soln.) 0
AH,
RE(NCS), - mDMA(c) + (600 + n)H , 0(7)
RE(NCS), + mDMA -« (600 + n)H,O(soln.) @
AH,
DMA() + 1/ m - 600H,0() === 1/ m - (mDMA + 600H,O)soin.) )

ZA3CF19874E10 828 H WA,
* P ERER PR S PR A,
* « FRHEEN I RICENTHIE.



2 X A ¥ E#R 5%

(1)+mx (3)-(2)=(4)

AH,
RE(NCS)3 . nHIO(c) + mDMA(l) == RE(NCS)3 - mDMA(c) + nHIO(I) “)
AH‘ =AHl +.m x AH3 —AHI

RE=La. Ce. Pr. Nd i, n=7, m=5;

RE=Sm. Bu. Gd, Dy. Ho. Yb. YHB}, n=6, m=4,

ERPACFEIRFE AH T AH, R ASEER S ME, ‘AH,gﬁEjCﬁ[ﬂﬁ‘ﬁﬁﬁﬁ.
Sk AH G, FIREAMA s, 0™ AHpuan ™ AH o "8HE, HEHT L

3£ +—HRE(NCS), - mDMA@MRIELRA.

£ T o

—. RMLA R &

(DDMA [8if: H#ERRF DMA(LERF)HF =0T £ a4 KOH T4 JL
R, R/5H3E KOH, FHHfTHIKEERE, BIE 164.5-165.5CHREL, MAHITEER
ny =1.4379, H3CRA—E, HASMEIEE RN Bt 2.

QKAPRE(NCS), - nH, O % %&: ULEEER 99.9-99.99% % L AW (LKA T
I Eh). RALEH,SO,, 4MTsEBa(OH), - 8H,0, RGLINH SCNNEK, BEHE
Ba(SCN), « 3H,0, R/SAR{ES5-# 5 :

3Ba(SCN), + RE,(SO,), = 3BaSO, + 2RE(SCN),

MIHCPHSRE(NCS), - nH, Ok, HEZR/E0%ARTRA 50-53%H,S0, HF
WA E, S8R HEE NICOLET P3/ F RINE AR sanMe", B
WEH, RE(NCS), - nH O 41 %: % RE=La. Ce, Pr. Nd &, n=7; %4 RE=Sm,
Eu. Gd. Tb, Dy. Ho. Er. Tm. Yb, Lu. Y i, n=6. RE(INAF5(~-1)MH,0l ¥
FFUR 3ANCS ™ BB TR, 5—H OUSHARERIE. REEIERE

B, BTRE(NCS), - nH,OMERET 99.9%.

()EAYRE(NCS), - mDMARI#%&: 2% 01,2, REMTFH-ERITE: BR—E
UK SYRENCS), - nH,0, WA KHERALRE DMA, BAAUBRE, HARA
FKCaCl, NEZ THRA D, HEBEN TG, FBULBARHXKCClL B TRES, B
igksEbT . LR, S 2MALENNRAE, FSEERSYELKCAC, TRET
WERRIHEE.

MAAHMC. H NTRSITNERIEN, RENCS), - mDMAMABRY: %
RE=La, Ce. Pr, Nd B}, m=5; 2 RE=Sm. Eu. Gd. Tb. Dy. Ho. Er. Tm. Yb,
Lu. Y i, m=4. 53CHR[1,2J0055 RAE4F. ‘

RLAWRE(NCS), « mDMARILL M%7 45 R 0.5 30M{ 1,2) 34— 3.



H3m FEARFRAMEE S PRI AW REE RN E 3

HE TRAYRENNCS), - mDMALL RN K G HRENNCS), - nH, 08 X-Ji &K A
ST, SRS SR AR,

(4)DMA KB RH: FAAREKE S DMA 5H,OMBE/RH Y 5:600 £ 4:600 (7.
= BRI R ERTR

B RO F o 0 RD-T BT R B ShRPAGHENTRERHU E7), HEMoaHm
Rl il 144 G- IR (ERBRT R, X 2 EHLU LA RN BT .

FTEGRBEROTENS, NET 298.1520.1K B tris(~0.1g) 5 HCI(0.1011mol - 17},

20mDAS R R, £ %-29.760 + 0.089kT « mol ', E3CHR{H—29.790 £ 0.013kT -
mol ~' ' —B, WBIRMEGRTEN,

AT HERRBREN TR, ERET 298.15£0.1K Bf 1mol KCl#& 200mol H,0$ &Y
BT IERE, SS5HY 17.54140.035kT « mol ', 15 3CHR{E 17.524 % 0.028kT - mol ' ' #IZF,
BRI R MR TR,

EF 3G 55 2 RN oo AR X FR b4 A £ B RGHE R SR, RIRH 7 Rk
%, HRFEAKE, FUERRASRY, EEEASHERRGE T S LI WK%
. '

Fe MEMRR R B R A KT, BRNENBALRN DMA KEB (IR K& MR
K), BAHBEHELHRFAANEHEK AREEHFNBTECERNEN, £ EIMERM
BAAS PIE R R ABAG B LR A, ‘S ABEASRMEASERUR SNEHE
M EFTBEMEHER. ¥ T MSLHHBEARPTRERBRPER, RERHAE
298.15+0.1K. FrkB-T4, EARER. MTEINTNEERZENTHES), Lk
RSN ERRER, BTHRBEHRASBE, IR, ZERITEE, LB =Z8E
WM S0 SHABHK, FhEFRARSS, S TEMSHRNBHE. & T
ERHRM=EEZ A B EARNERY, TKEEAXINEEE, PEAMWRKK
“ZHET, BTABERISTHL AN R BIEA CTAE M B . R BT INBR R, &
ERUABRIHALH S RMRE.

X} TR A R AR T AR IESE S8, WEH ] A BRIt

ASCWE T 298.15% 0.1K 1 +—FRE(NCS), * nH,O7E DMA /KW 1B B i 28
AH A RMMH +—FRENCS), - mDMAZEK P IUBMEHRRAH,, BIRKB— BT 9
WA b, SRAEE P,

AXMBWEEARTELR: x=x+ 2 .

Z & 4 if i’
— ROBRANEERURMLAER R KA SR




4 PRI A e 5%

x1 Pl MR P AET AH(298.151£0.1K)
Table 1 Heats of the Thermochemical Cycle

RE AH, AH, ag, " AH,
(kJ / mol) (kY / mol) (kJ / mol) (kJ / mol)
i —
La 14.038 + 0.068 16.335+0.125 —20.376 —104.18
Ce 14.71210.093 16.826 + 0.084 -20.376 —103.99
Pr 14.698 + 0.055 5.493+£0.043 —20.376 —92.681
Nd 14.766 + 0.060 3.1499£0.0325 —20.376 —90.264
Sm 12.799 1+ 0.056 3.041210.0250 —20.456 —72.066 -
Eu 13.563+0.078 3.0779£0.0303 ~20.456 -71.339
Gd 13.478 £ 0.041 2.1671£0.0192 ~20.456 —70.513 |
Tb ( 13300 ) ( 20794 ) —20.456 (=70.603)
Dy 13.123+0.085 1.9916 + 0.0186 —20.456 =70.693 |
Ho 14.407 + 0.084 1.9605 1+ 0.0190 -20.456 —69.378
Er ( 12,694 ) ( 00322 ) —2(;.456 (—69.162)
Tm ( 12479 ) ( —09475 ) —20.456 (—68.398)
Yb 12.265£0.096 -1.927210.0184 —20.456 —67.632
Lu ( 12,051 ) ( 29069 ) —~20.456 (—66.866)
Y 10.569 + 0.057 —2.697110.0192 —20.456 —68.558

note: In parenthesis, estimated value of Tb is the interpolation of Gd and Dy, estimated values of Er, Tm, Luare

the interpolation of Dy and Yb.
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AHI',DMA(I) = —278.32kJ / mol

° m
AHr.HIO(l) = — 285.83kJ / mol
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%2 RE(NCS), - mDMA(c)# RE(NCS), - nH,O(c)95 8 £ B AH | (298.15K)
Table 2 Standard Molar Enthalpies of Formation of RE(NCS), - mDMA(c)
and RE(NCS)3 * nH,0(c)

RE AH, AH :.uma), - aH, o(e)" AH :.nma), - mDMA(e)

(kJ / mol) (kJ / mol) (k3 / mol)
La | -104.18 -2491.7 -1986.7
Ce | -103.99 -2483.0 -1977.8
Pr -92.681 —2488.3 -1971.8
Nd | -90.264 —2479.2 -1960.2
Sm | -72.066 -2185.8 -1656.2
Eu | -71.339 -2101.1 -1570.7
Gd | -70.513 -2182.3 -1651.1
Tb | (~70.603) (-2193) (-1662)
Dy | -70.693 -2190.6 -1659.6
Ho | -69.378 -2202 -1670
Er | (-69.162) (-2199) (-1667)
Tm | (—68.398) (-2198.9) (—1665.6)
Yb | —67.632 -2167.8 -1633.7
Lu | (-66.866) (-2195.5) | (-1660.7)
Y —68.558 -2206 -1673

note: estimated values in parenthesis
=, RE(NCS) + mDMA(c)i ﬁ#ﬁﬁtﬂ’h‘l‘l
¥ (g) + 3NCS " (g) + mDMA(g) A# RE(NCS), - mDMA(c)
= AH{RB('NCS)_‘ «mDMA(c) AH{RB (g) 3AH:",NCS “(a) - mAH:,DMA(‘)

AH] =AU, + AnRT
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AUI. = AHr,nEmcs), - mDMA{® AHr,nE”’ w 3AHr,Ncs'(,) —mAH LDMA(L) AnRT

La—>Nd. An= —9; Sm—Lu({3¥Y), An= —8

FLICRRISIH — AH G, e o o 1= AH S 0y o SHETCRETRRIOXFML

° _ ° {6} ° fo}) __ -
AH{,DMAQ) = AHr.DMMn + AH DOMA = 27832 + 4915 229.17kJ / mol
AH?, e o FIL SRR 07 2B
o _Ap® m_ 0 0 Ap® w
AHr_ncs‘ @ AH ENCS T (ag) AH!\,NCS " (gXab) AH EH ™ (eg)ab)
= 76.44 — (— 243.53) — 406.68 = — 81.71kJ / mol
%3 RE(NCS), - mDMA(IEHEEEAU, (298.15K)
Table 3 Lattice Energies of RE(NCS), * mDMA(¢)
! ° 13} I! + 12 + IISU] Il + 11 + IJ o o o ;
RE AH st (0K) (28.15K) AH et AH rencs, - momac) AU romicsy, - momaie :
(k¥ / mol) ) (kJ / mol) (kJ / mol) (kJ/ mol}
(k) / mol) (kJ / mol)
La 431.0 3456 3474.6 3905.6 —1986 7 ’ —4479
Ce 420.1 3523 3541.6 3958.7 —1677.8 —4523
Pr 356.9 3628 3646.6 4003.5 —-1971.8 ~4562
Nd | 326.9 3697 37156 4042.5 —1960.2 —4589
e G 1 e
Sm ' 206.7 3869 3887.6 4094.3 -1656.2 —4569
Fu 177 4 4036 4054.6 4232.0 —-1570.7 —4621
Gd 3197.5 3750 3768.6 4166.1 —-1651.1 —4636
Tb 388.7 3790 | 3808.6 4197.3 (—1662) (—4678)
Dy 290.4 3898 3916.6 4207.0 -1659.6 —4685
Ho 300.6 3923 3941.6 4242.2 ~1670 —-4731
Er i 316.4 3934 3952.6 4269.0 (—1667) (—4754)
Tm 232.2 4044 4062.6 4294 8 (—1665.6) (—4779)
Yb 155.6 4194 4212.6 4368.2 ~1633.7 —4820
Lu | 427.6 3910 3928.6 4356.2 (—-1660.7) (—4835)
- e . . _— e e e e = o -
Y { 4213 3776 3794.6 42159 —-1673 —4707
3
note t; AH:M,. 0= AHZ““) + ;Imm.nsx) (I, —ionization potential of RE)
no.. 2 Zlnwm,lm) = Zlulox) +3(5/2RT)"
1 t
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DETERMINATION OF STANDARD
ENTHALPIES OF FORMATION FOR THE COMPLEXES
OF RARE EARTH ISOTHIOCYANATES WITH
DIMETHYLACETAMIDE

Jiang Bengao Sun Tongshan Ma Huaxian Yin Jingzhi

(Depurtment of Chemistry, Shandong University, Jinan)

Fiftcen solid complexes of rarc earth (cxcept Sc, Pm) isothiocyanates with N,
N—dimethylacetamide (DMA) were synthesized. They were characterized by chemical analysis,
infrared spectra, X—ray diffraction, differential thermal and thermogravimetric analyses.

Both intcgral heats of solution of RE(NCS), - mDMA(for RE=La, Ce, Pr, Nd, m=5; for
RE=8Sm, Eu, Gd, Dy, Ho, Yb, Y, m=4) in water and those of RE(NCS), « nH,O(for
RE =La, Cec, Pr, Nd, n=7; for RE=Sm, Eu, Gd, Dy, Ho, Yb, Y, n=6) in aqueous DMA solu-
ton have been measured calorimetrically at 298.15K. By means of the thermochemical cycle
suggested in this paper, using the data measured and picked from references [4—7], the standard
cnthalpics of formation for cleven RE(NCS), - mDMA as stated above were calculated.
Furthermore, corresponding data for other four RE(NCS)3 *« mDMA(RE=Tb, Er, Tm, Lu,

m = 4) were estimated. Plot — AHrD of RE(NCS), - mDMA against the atomic numbers of the

elements in Ln—scrics. “double pecak” are observed at the positions of Eu and Yb.
The lattice encrgies of RE(NCS), + mDMAwere also calculated.

Keywords: standard enthalpics of formation dimethylacctamide

rare—¢arth isothiocyanate



