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Hydrated L· nthanide Thiocyanates

a ) .::',u. r,;·c':i-lANID E O XIDES .. .- The 99,9 p el' cent pure oxides w ere obta ined from fo h ri no n ,

1\1a rth -y ali c/ Ca ., L ondon .

il l I'EI U::YANIC A CID .. .. Solut ion s of thyocy an ic acid we re obt a ined from solutio ns ,A
a rr.rnoniur.; t h iocyan at e fro m a colum n conta ining ion exchange resin (Am berli t e 11'<.-120 H 7

) •

.!l.ll t he solu t ion s of t hiocyanic ac id used w ere fr esh ly prepared.

c : H VDEi.TE D L ANTHA NIDE T HIJCYANAT E S - -- T h e lan t h anide oxide (ca . 0 ,01 m ol ) 1':1

each ca ~' (: .vas d issolved in hydrochlor ic acid , a nd t he solution d iluted. Lant hanide b asic
c~1rb .)n£' L~ "',. p r e cip i t a t ed frorn a homo g e n eo u s s olut io n b y the addition o f ure a a nd boiling

the resulting so lut ion. T he product was filtered and washed w ith hot w ater u n til chlo ride­

fr ee . P. water suspension of the basic carbonate was t re ated w it h d ilu t e thiocy an ic a cid

( a lin:f: ex cess of the b as ic carbonate in re la t ion t o the acid n ecessa ry w as used) , T h e

solut ion \'.' 2.3 f ilt er ed, ev aporat ed in a water bath until about 30 m l w as left a nd the remain in g

soluti on eva p orat ed in a v acu u m d esi ccator. un ti l d ry . T he crystals obtained w ere

groun d, _ iuin t a ined in t he desicca tor over calcium chlo ride an d t hen a nalys ed ,

\.l~e~L· i ved Apri l ~2 , 1964; present ed by P ASCIIOAI. SENISE ,

l)~P{! :t :.~r! l £'n to d e Q Ui J.llic Cl and D'ep eutu rn ori ro de M ineratogin , F nculciacle d e Filosoi i a, Ci­
enCil:l S e L eirsis , Uriive r sicl ncle de Sao P .;1111o , Sffo Pa ulo . SP

C . VICENTINI, I'll. P E RRIER , ] . £,,1. V . COUTIN HO AN D J. V . VALARE LU

d ) A" ,". J ,YT1C AL DATA _ ... T he lanthan ides were d et ermine d by the usua l oxalate method ,

an d w at er by the K arl -Fisc her p ro cedure. For t h e determ ination of thiocyana t e ions
a n aq ue ous solution of t he com pound was p assed t hrough a ca thionic re sin (Am b er lit e

I NTnODUCT10i'~

}'he compounds Ls (S CN );; · -'1H:!O, La, (SCN'L . n-l~O r l J , Ce (S CN ,:\ , ),H~O ! 2 J ,

Srr, IS C}\! I :; • 5H~O l3 j, E r (SCNh . 6H~O and Y (Se N );; . 6I-l :!O(4J w er e prep a red at t he
end of ninet eenth cent ury . T he prep aration of Gd (Se N);; . 7H~O [5 1 was also rep ort ed ,

bur t he r e is n o information concernin g t h e other solid lanthanide t hi ocya n at cs.

i [ : t he p rese n t pap er we descr ib e t h e p rep a ra t ion of t he hydrated la n t h an id e
t hi ocyanat es by t h e reaction of thiocyanic acid and a suspension of t he resp ective r are

ea rt h b asic ca rb onates . C ompound s wit h a general formula L n (SCNL - 7E10 (1.11 = L a ,
Co, P I', J>ld) and L n (SCN h . 6H:!O (Ln = Y , 8 m t o L u) were prepared , The com pounds

of praseody m ium , neody m ium, e uropium, terbium, d ysp rosium , h olmium , t h ulium, y t ter

bi ...:m 10m2 Iu te ri urn are described for t he f irst t ime . A com p ou nd w ith the composition

Gd \S C1':r,;; , 7H:!O was n ot observed. T he re sults of an in fra -re d spectra st udy and in for ­

marion 9,'s::mt isomorp hous relat ion s bet w een t h e compounds, observed b y X -!,<1.y powd er
p a :t ern ::.: ::c"d p roper t ies, a re al so includ ed.
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IR- 120H + ) and the t hiocy an ic a cid t itrated w ith st andard sod ium hydroxyde so lutio n ,

using met h y lred as an in d ica t or. T he analy t ica l results are sum marized in T ABLE 1.

TABLE 1

SUMMARY OF ANALYTICAL R ESULTS

I ANALYSIS

COM.POUND Fo rm ula Metal T hiocyanate i Water
Weight

T heor. E xp, T heor. Ex p. Theor. Exp.
(%) (%) (%) (%) (%) (9'6')

---- - - - - -
P ,' (SCN),. 7H"O. . . . . . 441 . 3 31. 93 32 . 09 39 . 48 39. 61 28 .5 8 28 .48
Nd (SCN)3. 7H,O . ... . . 444 . 6 32. 44 32 . 97 39 . 18 39 .22

I~~~
28 . 55

- - - - -
E u (SCN), . 6H"O. .. . . . 434 .3 34 . 98 34 . 63 40 . 11 40 . 05 24.8 8 24 .98
Gel (SCN )3. 6H20 . . . , . . 439 , 6 35.77 35.7 0 39 , 63 39, 15 24. 58 24. 38
T b (SCN),. 6H20 , , . .. , 'I'll. 3 36. 01 36 , 16 39 .4 8 39 . 21 I 24 ,49 24 ,09
D y (SCN).. 6H20 . , ... , 444 . 8 36. 53 36 ,35 39 . 17 39 . 02 I 24 . 30 24 . 74
Ho (SCN ), . 6H20 . . . . , . 447 . 3 36 . 87 37.1 5 38 . 95 38 , 57 i 24 .1 6 23 .72
Tm(SCN).. 6H"O, . ... , 451. 3 37.43 37 . 12 38 . 60 38 .2 0 23 , 95 23 . 97
Yb (SCN h. 6H20 ... . . . 455 .4 37. 99 38 . 15 38.2 5 37 . 91 I 23.73 23 .85
Lu (SCN )3. 6H20 . , . ... 457. 3 38 . 26 38 .35 38 , 10 37. 77 I 23 , 63 23 .20

I

e) I NFRA-R ED SPE CTRA _ . T he in fra-red spet ra w er e d et ermined with a P erkin- E lmer

M odel 13 7 D oub le B eam Record ing Sp ect ro phot omet er , using Nujol suspensions between

rock salt pla t es .

f) X - R AY D IFFRACTION PATTERNS - - T he p atterns w ere obtai ned w it h a Norelc o

uni t , w ith B uer ger powder camera (114 ,6 mm) , The hy gr oscopi c subst ances were enclosed ,

a ft er gr inding, in L in d emann glass capillary t ub es (0 ,5 mm diamet er ). T he sam p les were

exposed to Cu-Ka radiation (?\ = 1 . 5148 A) at room t emp er a ture , for about 20 hours.

g) M ORPHOLOGICAL AND OPTICAL MEASUREMENTS - M orphologica l m easurem ent s we re

mad e (only in the Yb (SC N )3'6H20 cryst a ls) in the one-circle op tica l gon iom eter. T he
refra ctiv e index es w ere d et ermined b y the im m ersio n m ethod using a Cargille set of

liq ui ds . The axia l angle 2V w as m easured e it her d irectl y in t he U vst age or ob t a ined from

opt ica l d a t a p lotted in st ereo grap hic net.

HESULTS AND DISCUSSION

a) I NFRA- R ED SPECTRA ...- It has b een suggest ed t hat t he position of t he ba nd assig ne d

to the C-.. -N stretchin g frequency (1'1 ) depends upon t he nature of t he bonding of t he

ligand t o t he cen t ra l atom , and t hat t he ionic or covalent character of t he meta l-thi ocyanate
bond m ay a ffe ct the fre q uency of t his group 16J. F or extreme ion ic sa lts t his b and is fo und
near 2000 em - I , for exam ple K SCN - 2066 cm -- 1[7], N aSCN - 2020 cm - I and Ba( SCN)~ · 2 H~0

2060 em - I [8J. On t he ot her hand, thiocyana t e co -ordin a t es to m etal-ions w ith t he
form at ion of M - N C S or M - SCN bonds 01' even as a difuncti onal ligand , where t h e SC N

group is a b ri dge betw een two metal-ions [6, 9 J. In these la tter ca ses t he frequen cies
a re generally a t hi gher w ave n umbers [10]. (See a lso references 6 and 9 w here m any

ex a m ples a re given).
T he espect ra of t he lanthani de t h iocy a nates w er e determined in t he infra -red

region. T he pea k assigne d t o C - .N stretch in g w as observed at 202 0 cm - I for t he compounds
of neod y m ium , erb iu m an d yt t erb iu m ; a t 2040 cm - I for yttriu m a nd thullium , and 2030cm - J

04. 11. d a .4 (:(1(1. Bra :sileiru d e C'ithwias .
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X- R AY P OWDER DIFFRACTION PATTERNS OF THE COMPOUNDS OF GENERAL F ORMULA
Ln (SCN )a . 7H~O

T ABLE 2

for t he oth er com pounds ; giv ing us the idea that t he bond of t he SC N group is essen t ia lly
ion ic in character a nd t ha t the metal-ion is co -ordinated t o water molecules.
b ) X-RAY POWDER P ATTERNS. -. The X -ray powder diffraction patterns showed that
the com pou nds of t he gene ral form ula L n (SCN h· 7H 20 are isom orphous (See TABLE 2),
a nd t hat t he com pounds of formula L n (SCN )3' 6H20 a lso form another series of isomor­
pho us substa nc es (see T ABLES 3 a nd 4) .

Visual a verage La I Ce I Pr Nd
in rensitie s

d(A ) d(A)1 diAl d (A )

--- - _.. --_ ._- _ ._-
i 13 . 2 13 . 2 -- - 13 . 2
1 --. - - ll . 5
1 _. . ._- .- . 8 .7
2 .- 7. 7 7 . 9 7 . 8
3 1 . 4 7. 4 7.4 7 . 4

;
.j -- 6 . 58 6 .53 6 .61
S 6 . 32 6 .3 9 6 .36 6 . 30
-\ 6 . 09 6 . 18 6 . 19 -
2 - 5. 03 5 . 05 4 .99
3 4 .81 4. 80 4 . 78 4 .7 8
6 4 . 18 4. 18 4 .1 7 4 . 16

10 4 .03 4 . 07 4 .04 4 .03
:s 3 . 53 3 . 55 3 . 54 3 . 51
:2 3 . 43 3. 45 3 . 4'~ 3 . 43
1 _. 3 .3 7 3.30 3 .2 8
1 3 . 20 I 3 . 24 3 .22 3 . 22
1 . _- 3 . 13 3. 13 3 . 13
1 3 . 03 3 . 03 3 . 09 3 . 02
2 2. 98 2 . 98 2 . 98 -
1 .- 2. 90 2 . 89 2 . 87
1 - 2 . 81 2.81 2 .80
5 2 . 76 2 .77 2 .7 6 2 .7 5
2 2 .70 2 .7 1 2 . 71 .-

J .- 2. 67 2 . 67 2 . 65
3 2. 59 2 . 59 2 . 59 2 . 57
, I 2. 54 2 . 54 2 .53 2 . 53

'T

2 . 40 2. 42 2 . 40 2 . 41
:2 2.3 7 2 .3 6 2.36 2 .38
1 _ __ 0 2 .3 4 2 .34 2 .3 3
:2 2. 25 2 . 25 2 .25 2 .2 4
:2 2.20 2. 20 2 .20 2 . 19
1 2. 14 2 . 14 2 . 14 2 . 13
:2 2 .07 2 . 06 2 . 06 2 . 05
1 2 . 03 2 . 04 2 . 04 2 .0 2
'2 1. 96 1. 96 1. 95 1. 95
1 1. 903 1 . 913 1. 910 . .-

1 1. 869 1.871 1.864 - -
.j I 1 . 828 1 . 836 1. 833 1 . 824
3

I
- 1 . 795 1 . 791 1. 783

:2 1. 780 1. 777 1. 775 1 . 768
1 1. 735 1 . 734 1 . 726 1. 727
"1 .- 1. 697 1 .688 1. 681
3 1. 673 1.668 1.664 1. 658
1 1.636 1 . 652 1 . 643 -
3 1. 612 1. 612 1.608 1. 601
'2 1 . 577 1 . 783 1. 579 1. 571
2 1.554 1 . 552 1. 551 1 .546
2 1 . 512 1 . 520 1. 517 1. 518
:2 - 1 . 296 1 . 288 1 . 285
2 1.192 1 . 190 1 .1 89 1 .1 81

I i

)
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T ABLE 3

X--F~AY P OW D ER ' D IFF R ACT ION P A'f TERNS OF C Ol\lPOU NDS OF GEN E R AL FOI<M UL A

Ln (Se N);; . 6H 20

Visu al av erage S Ul

intensi ties
I aU::.)

,
I E ll

I d (l~ ';
I- ---" ." '- - '-' .._-- .------..--..J-..-._- --...
j

. )

Od T h

) ·1 . 8

t 1 . S

Dy

ellA)

7.7

10

6 . 01l

5. 43

4. 38

- . 6

6. 13

5 . 93

4 .3 6

5

6 .12

... . ~' 2

5 .3 9

c. If>

;; 9 5

. 3 ;-;

7 . 6

6. 12

:, . 36

5 . 40

4 . 34
-1

4

. J

2

5

-+

6

2

2

2

2

2

3

3

·:':-.14

3.9S

3. 77

3 . 49

3 . 29

3. 10

3. 0n

2 .73

2.68

2 . 57

2 . 35

2.3 1

2 . 21

2 . 09

2 . 04

I . :;:, .,

1. 76 2

1 . 73 6

1. 705

1. 673

1 . 591

1 . 459

1. 44 1

.:; . 9 7

3. G3

3 . 4X

3 . 28

3 . 07

2. 99

' . fi 7

J :'1

. 3 1

~. 28

2 . 09

~ .36(j

1 .~2 9

.7 6 1

1 .737

1 . j'OI

. 672

. 59 1

.456

1. -f38

4 .1 3

:; 96

3.7+

3 . 64

.i . ·!6

2 9 ~

2 . 65

2 . 55

2 . ~!. ~

2 . 3-!·

2 . 29

~ . 2 S

2 . 10

1 . 754

1 . 72B

1 .692

. 667

1. 432

.• 99

3 .65

., . 51

3 .2 X

3 09

2 . 99

2 .7 3

2 .GB

2 . .1 7

2 43

" .3 5

?.3 1

1 . 8 ..d';

1. 762

. 737

. D9S

. 672

1 . 58 7

1. 46 1

1. 438

4 .10

3 . 95

3. 7:,

o 6 1

01 46

3 .08

2. 96

2. G6

~. 5 5

2.42

~~ . 3·+

2 .2(;

_ . (;X

' j u2

I . t; 12

1 . 15~~

.72k

.691

1 .(j05

I . ' f52

1 . 432

A.1l . d a .4(.' (1(/ . Bra s i t eiru ele C ie ll ei as.
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Lu

8. 3
7.6
6.11
5 . 85
5.41
4 . 56
4'. 34
4 .10

2 4 1
2. 3 ·~+

2 . 2R
2 .2+

3 . 25

3 . '/u
3 .60
3 .45

'2.1 S
2 . 13
2.0S
2. 02
1 . 053
1 . 801
1 . 748
1.719
1 . 684
1 .659
1 . 576
1. 566
1 . 546
1 . 482
1 .466
1 . 444
1.424
1. 367
1 . 273
1. 217
1.1 75
0 . 999
0 .962
0.9 28
0 . 909

3 .03
2 . 95
2. 78
2 .70
2 .65

Y b

deAl

7. 6
6 . 15
5 .85
5 3 l}
4 . 56
4 . 36
4 .09
:) . 9 2
3 .72
3 . 60
3 . 44
3 .25
3 .04
2 . 96
2 . 79

2.(i4
2. 55
2 . 42
2 .35
2 .29
2 . 2i l
2. 19
2. 14
2 . 08
2.02
1. 857
1 . 805
1. 748
1. 721
1 . 686
1 . 658
1 . 583
1 . 569
1. 55 1
1 . 48 6
1 . 4 6 7
1 . 446
1 . 4 28
1. 367
1 . 276
1. 22 0
1. 175
1 . 000
0 .968
0 .931
0.9 11

2 . 34

2 . 97

5 .82

7 . 6
6 . 11

4 .54
~' . 35

3 . 9:~

~ .25

'2. l :~

2 .1 4
~ . 00

2 . 02
1 . 860
1 . 805

2 . 80
2 . 72
2.65
2 . 5 5
2 _4 2

2 .30

5 .40

3 .45
3 . 25
3. 06

1 . 7 l
3 . 6tl

4 . 12

1 . '721
1. 686
1. 6 59
1. 579
1. 573
1. 5+8
1. '187
1. 472
l. tH9

1 . 430
1. 37 0
1.2 74
1. 220
1. 175
1 . 002
0. 966
0 .932
0 . 912

I
I
i -l d (/ t.)
1 - ._. _
I

I
I

I
i
I
I
I
I
i
I

E r

. 'j"

2. 36
2. 30

2. 72

C 17
5. 89
5 .~H

4 . 59

1 . 004

_ . 19
2. 15
2 . 11
2. 03
1.35,::';
1. S0 7
1 . 75 2
1 . 730
1. 690
1 . 666

3 .7 4

2 . 66
2 . 56

1. 573

1 . 36
·: .1 2

1 . '1-91
1.472
1 . 452
1. 429
1. 373
1.276
1.222

3 . 60
3 . 46
3 .2 5
3 . 06
2 . 97
2.79

I
I
I

·---- -1---- ..---- - -

I

1-10

0 .00
5 . 9 1

2. 03
1 . 354
1. 8 1:!
1. 758
1 . 729
1 . 639
1 . 665
1 . 586
1. 570
1 . 55.5
1 . 48 7

2 .55
2 .+ 1
2 .3 6
2. 30
2 .26
2 . 19
2 . 14
2 . 11

1 .+74
1. 45+
1 . 429
1 . 3 73
1. 280
1. 224
1. 178

4 . ~; 9

4 .35
.; ~ . 13
3 . 9 5
3 .7I
3 .61
3 . 45
3 . 26
3.uo
2 . 00

7 . 7
6 . 12

4 . 35

5. 96
5 . 41
-r.5-;

2. :15
2. 30
2 .2 5
2 . 20
2 . 15
2.09
2 . 03
i . tl62
1 . 811
1. 7&8
1 . 727
1 . 69:"
1. 66:)
1 . 590
1 . 513
1 . 55~
1 . 48~

1 . 486
1. ':·53
1. 431
1 . 3 73
1. 278
1. 223
1. 178
1 . 0 J.'3

4 . 13
3 . 9 5
3 . 74
3.61
3. 4 6
3. 26
3 . O ~·

2. 97
2 . 79
2 .7 :i.
., 66
2 . 56

'J

:!
3
2
2
1
2
2
2
'2

3
3

3

~!

2
2
3
'2
'2
2

3

2
6
1

4
5
' f
1
.J

'2
2
2
3

T ABLE 4

c) rlJl o RP H o LO GY A.N D O PTICAL PROPER TIES - - T he subst ances ca n be separated into
two dist in ct ive groups of crys tals : t he fir-st group includes t he com pounds of ge neral for ­

mula L 1 (SC1;J);i ' 7H~O. Alt hough m or phological m easu rem ents w ere r ela t-ively in accura t e ,
t he optica l orient a t ion in t h is group is en ti rely differe n t from t he se cond one, but the sym ­

m et ry seems t o be similar (see below). Two pairs of faces are w ell developed in a zone
[001 1 int ercept ing in an angle of about 65".

X-p_J, Y FO\V D E R DIF F I<.A CTI O N PAT T ERNS OF T H E C OM P OU N D S OF G E N E R A L F ORMUL A

Ln (SCN) a· 6H~O

\ fis l:::d ~l\' c: r::i. ·~· (· I
l in rcn sit ie-,'I !

I I I1'--- " -- -- -- ---!.------- --- -- - -------
I ~ I
t io I,

~ i
I
I
i

.,
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X i\ C (elongat ion) = small.

P I. O. A. II c cut t he obtuse (h ko) . (hk o) a ng le . (Se e F ig . 1) .

/-- -b = Y

/

I
a I

<J)
F ig. 1

--- --- ---~ -- -

T he monoclin ic sy m me t ry is en hanced b y a w eek b ut still de tectable inclin ed
d ispersion of t he opt ica l axis . A sum m ary of t he opt ical constants for t he compounds

of gene ral formula Ln (SCN')3 . 7H~O is found in the TABLE 5.

T ABLE 5

O PTICAL C ONSTANTS OF T HE C OMPOUNDS OF G EN E RAL FORMULA

L n (SCN )3' 7H~O

Ln N x N \· I N z N z--N x 2Vz D isp .
_._ - - - - - - - - - - - - .__ ._----- -- - - - - - - _.-- - ._- ---- - ._ - - _ . ._-- - - -- - - - --

L a 1 . 60 6 1. 6 15 1 . 6 75 0 .069 45" in c lined
C t 1 . 60 8 1. 6 17 1. 676 0 .069 44 " incl ined
PI' 1 . 60 8 1. 6 1S 1. 676 0 .068 44" inc li n ed
N d 1 . 609 1. 6 18 1. 67 7 0 .06 8 45" inc lin ed

T he second gro up in clud es t he com pounds of gene ral form u la L n (SCN);; · 6H~O .

On ly the Yb (SC N h . 6H 20 crysta ls were bo unded by fa ces sui tab le for univer sal -st age

angu la r mea su remen t s and. deter mination of t he optica l indicat r ix .

T h e ytte rb ium t hiocyanate crystals a re elonga ted paralle l to b . In t he zo ne

1010] two pair s of faces a re best developed interceptin g in a n gle of about 114" (66") . T wo

..1. /1 . flu i l c acl. Bra sil ei ru de Ci e n cia s ,
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114°

F ig. 3
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a

120

X /\ (100) = 35"

X /\ (001) = 21"

Z /\ (001) = 59"

Z /\ (i oo) = 55°

110

F ig. 2

C jl

'- ,~~35_0 ~/7Y

11 4 ' 00/

H YDRATED LANTH ANIDE THlOCYANATES

Y b (elongation )

1'. 36 11. V :1. 3lJ . ~l t! j u u n o de 1964.

X /\ a = 59';

In t his way t he complete or ientat ion d a t a becomes:

Z I c = 35°

o·

Since t he crys t a ls we re gener a lly so mewhat disso lved a nd ro unded , t he cond it ions

of observation for t he rema ining substances were p recar ious . N everthe less it wou ld be

safer to stat e t ha t t he or ientat io n is t he same for t he w hole series in t his second group ,
wi t h a varia t ion in ang ular measurement s of not more t han So. T A B LE 6 cont ains a sum ­

m ary of t he optica l constants of t his gro up .

So, t he monoclin ic optica l sy m metry IS proved . (See F ig ure s 2 and 3).

vert ica l p r isms (110) and (120) and the a ngles (100) . (1l0) = 40" and (100) · (120) = 58 '

were a lso observe d . The optical plane co nta ini ng Z and X is normal to the elo nga t ion

and t he tWO ve loc it ies are incli ned t o t he face norm al s :
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TABLE 6

OP!IC.~_L C ONS',;"""NTS OF 'fi·IE COMP OUNDS OF GENERAL FOl~ !'i! 'crLA

Ln (, SCN h . 6H~O

> .,

v >
\ 1 >

v :>
V >
V "'>

V >
V >
V >
V
V >#
V >

1 . 57G
1. :.72
1 .572

1. ~6 ~

1 . 567
: . 56-1
1 . 56-+
1 .568
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