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4,4'-Dipyridyl complexes of rare-earth thiocyanates of the formula Ln(4- 
dipy)2(NCS)s" 5 HeO (Ln = La, Pr, Nd, Sin, Eu, Gd, Tb, Dy, Ho, Er, Yb, Lu, Y, 
4-dipy = 4,4'-dipyridyl) have been synthesized. The IR spectra of these 
compounds and other physical properties are discussed. The thermal 
decomposition of some compounds (in the order Gd ÷ Lu) has been investigated. 
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4,4'-Dipyridylkomplexe von Seltenerdmetallthiocyanaten 

Es wurden 4,4'-Dipyridylkomplexe des Typs Ln(4-dipy)2(NCS)3" 5 H~O mit 
Ln = La, Pr, Nd, Sin, Eu, Gd, Tb, Dy, Ho, Er, Yb, Lu und Y dargestellt. Die IR- 
Spektren und andere physikalische Eigenschaften werden diskutiert und die 
thermische Zersetzung yon einigen Verbindungen (in der t~eihe Gd ÷ Lu) 
untersucht. 

Introduction 

In our previous papers 1-4 we described compounds of the type Ln(4- 
dipy)2(N03) 3 • nH~O (Ln = La, Ce, Pr, Nd, Sin, Gd, Tb, Dy, Ho, Er, Yb, 
Lu, Y), Ln(4-dipy)C13"nIt20 (Ln = L a ,  Ce, Pr, Nd, Sin), Ln(4- 
dipy)2C13.6H~O (Ln = En, Gd, Tb, Dy, Ito, Er, Yb, Lu, Y), Pr(4- 
dipy)3C13.6H20 , Ln(4-dipy)2Bra.6H20 (Ln - -La ,  Pr, Nd), Ln(4- 
dipy)3Br3.4H20 (Ln = Sm, Eu, Gd, Dy, Ho, Er, Yb) and Ln(4- 
dipy)s(ClOa)3" HCI04 • 4 H20 (Ln -- La, Pr, Nd, Sin, Eu, Gd, Tb, Dy, Ho, 
Er, Yb, Lu, Y). We have found that  the number of 4,4'-dipyridyl groups 
coordinated to the lanthanide ion depends on the coordinating ability of 
the anion present. Maximum coordination by 4,4'-dipyridyl in the case 
of presence of the weakly coordinating perchlorate is observed. It  should 
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be v e r y  in t e re s t ing  to  pe r fo rm  a c o m p a r a t i v e  s t u d y  of  the  complexes  of  
l a n t h a n i d e  p seudoha logens  wi th  4 ,4 ' -d ipyr idy l .  

On ly  f r a g m e n t a r y  i n fo rma t ions  5 - n  are  ava i l ab l e  in t he  l i t e r a t u r e  
concern ing  the  d i p y r i d y l  complexes  w i th  r a re -ea r ths .  There  are  few 
p a p e r s  descr ib ing  c o m p o u n d s  of  2 ,2 ' -d ipy r idy l  (2-dipy) wi th  l a n t h a n i d e  
t h i o c y a n a t e s  and  se lenocyana tes .  Hart  a n d  Laming  7 o b t a i n e d  
c o m p o u n d s  of  t he  t y p e  Ln(2-dipy)3(NCS)3 (Ln = La,  Ce, Dy) .  The  
complexes  Ln(2-dipy)2(NCSe)3, Ln(2-dipy)2(NCSe) 3 • (CH3OH or  
C2H50H)2 and  Ln(2-dipy)3(NCSe)3 have  been desc r ibed  too  s--10. I n  th is  
p a p e r  c o m p o u n d s  of  4 ,4 ' - d ipy r idy l  w i th  rare  e a r t h  t h i o c y a n a t e s  have  
been p r e p a r e d  a n d  s tud ied .  

Experimental 
The lanthanide oxides and Y203, all of 99,9~o purity, were obtained from 

Koch-Light Lab. and Fluka A.G. The lanthanide and yt t r ium perchlorates as 
the hydrated products were synthesized as described in the literature 12. The 
composition of these salts has been controlled by determining the metal 
percentage. Analytical reagent grade 4,4'-dipyridyl was a Schuchard Miinchen 
product, perchloric acid 60~o "proanalyse grade" was obtained from Hopkin 
Williams. Other chemicals were of analytical reagent grade from POCh-Gliwice. 

The lanthanide content was determined complexometrieally with standard 
E D T A  solution against xylenol orange as indicator. Nitrogen, carbon and 
hydrogen were determined microanalytically and thiocyanates by the Volhard 
method, 

IR  spectra (4 000-400 cm -1) were measured with a Carl Zeiss Ul~10 
spectrophotometer. The samples were prepared by using KBr  pellets. The X-ray 
diffractograms of the compounds were obtained using a DRON-1 diffractometer 
with nickel filtered CuE a radiation. The diffraction curves were recorded over 
the range of 2 0. Thermal investigations were made with a derivatograph type 
OD-102/1500 °C over a temperature range of 20400  °C at  a heating rate of 7 °C 
per minute; the sensitivity of the galvanometer for DTA curves was 1/5 and for 
DTG curves 1/5 as well; the TG sensitivity was 50 rag; for the mass sample 
50rag; a-A1203 served as reference material. The fluorescence was observed in 
the light from a LS/58 quartz lamp at  21 °C. 

Preparation of ~,4'-Dipyridyl Complexes 

The solvated lanthanide and yt t r ium thiocyanates were prepared according 
to the following general reaction Ln(Cl04)a + 3 KNCS ~ Ln(NCS)a + 3 KCI04~. 

Procedure: a sample of lanthanide or y t t r ium perchlorate containing about 
0.02 mol Ln was placed in a 100 cm 3 flask, dissolved in 50 cm 3 of 96 percent 
ethanol and then a small excess of solid KNCS was added. The mixture was 
stirred for 1 hour and cooled for 12 hours at  a temperature of 4bC. The 
precipitate of KC104 was separed and the clear solution was concentrated. The 
product was filtered and dried at room temperature. Finally, in this product the 
lanthanide content was determined. 

The solid 4,4'-dipyridyl (0.02mol) was added to a warm solution of 
lanthanide and yt t r ium thiocyanates in 75 percent ethanol (0.01 mol in 50 cm3). 
The mixture was heated up to 80 °C for about l0 min and then allowed to cool. 
Using the method of slow crystallization from these solutions were obtained 
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Table 1. Analytical data of the compounds Ln(4-dipy)2(NCS)3.5 H~O 

Ln % Metal % C ~ N % H ~ NCS 
calcd, caled, ealcd, calcd, calcd. 
found found found found found 

Y 13.36 41.50 14.73 3.94 26.18 
14.00 41.93 14.69 3.99 26.20 

La 19.41 38.60 13.70 3.66 24.35 
19.76 39.02 13.38 3.95 24.35 

Pr  19.64 38.50 13.66 3.65 24.28 
19.47 38.73 13.27 3.86 24.38 

Nd 20.01 38.32 13.60 3.64 24.17 
19.55 39.00 13.39 3.91 24.34 

Sm 20.68 38.00 13.49 3.60 23.97 
20.75 38.42 13.75 3.44 24.01 

Eu 20.85 37.91 13.46 3.60 23.91 
21.00 38.00 12.99 3.81 24.03 

Gd 21.43 37.64 13.36 3.57 23.74 
21.81 38.02 12.98 3.50 23.91 

Tb 21.60 37.55 13.33 3.56 23.69 
22.00 37.67 13.09 3.70 24.00 

Dy 21.98 37.37 13.26 3.55 23.57 
21.68 37.70 13.20 3.40 23.26 

Ho 22.24 37.25 13.22 3.53 23.49 
21.87 37.00 13.15 3.43 23.30 

Er 22.48 37.13 13.18 3.52 23.42 
21.95 37.00 12.90 3.90 23.52 

Yb 23.08 36.85 13.08 3.50 23.24 
23.04 36.95 12.80 3.79' 23.33 

Lu 23.28 36.75 13.04 3.49 23.18 
22.97 36.90 12.70 3.35 23.07 

crystalline complexes. The crystalline precipitates were filtered, washed 
repeatedly with small portions of cold absolute ethanol and ether-ethanol (1 : 1) 
mixture. After that  they were dried in open air. The results of analyses for all  
lanthanide compounds prepared are presented in Table 1. 

Results and Discussion 

The a n a l y t i c a l  d a t a  show t h a t  all  4 , 4 ' - d ipy r idy l  complexes  have  the  
f o r m u l a  Ln(4-dipy)2(NCS)3"  5 H20 ,  where  L n  = La,  Pr ,  Nd ,  Sm, Eu,  Gd,  
Tb,  Dy,  Ho,  Er ,  Yb,  Lu  and  Y. Al l  c o m p o u n d s  are  a i r  s tab le .  Some 
complexes  showed f luorescence a t  r oom t e m p e r a t u r e :  Sm(4-  
dipy)2(NCS)3 • 5 H 2 0  a n d  Eu(4-d ipy)2(NCS)3  • 5 H 2 0 - - p i n k ,  Tb(4-  
dipy).2(NCS)3 • 5 H 2 0 - - g r e e n  a n d  Dy(4-d ipy)2(NCS)3  • 5 H 2 0 - - l i g h t  
yel low.  All  complexes  are  f a i r ly  so luble  in m e t h a n o l ,  ace tone ,  
ace ton i t ry l e ,  s l igh t ly  soluble  in e t hano l  a n d  wa te r ,  p r a c t i c a l l y  inso luble  
in benzene  a n d  ca rbon  t e t r ach lo r ide .  
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Fig. 1. X-ray diffraction patterns of Ln(4-dipy)2(NCS)3.5 H~0 

X - R a y  Powder Patterns 

Preliminary diffractometric studies show that  these compounds are 
crystalline or very slight crystalline (La, Gd). The X-ray diffraction 
analysis revealed isostructurality in the group of the compounds Ln(4-  
dipy)2(NCS)a • 5H20,  where L n  = Y, Nd, Tb, Dy, Ho and Er (Fig. 1). 

In frared Spectra 

Table 2 shows the principal IR  bands of the 4,4'-dipyridyl complexes. 
IR  spectra of free 4,4'-dipyridyl undergoes a modification when 
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Table 2. Principal IR  bands of the Ln(4-dipy)2(NCS)3 " 5 HeO compounds [cm-l ]  

Pyridine frequencies Pyridine New bands 
v CN v CC 8 CH breathing resulting from 

eomplexation 

4-dipy 1590 vs 1530 s 802 vs 982 vs 
Y 1600s 1532m 800m 992w 1310w 
La 1600 vs 1 540 m 800 m 1000 m 1320 w 
Pr 1595s 1526m 800s 990m 1315w 
Nd 1600s 1525m 800vs 1000m 1310w 
Sm 1 600 s 1525 m 800 s 1005 s 1 306 m 
Eu 1 600 s 1 536 m 800 s 998 m 1 320 w 
Gd 1 600 s 1 540 m 805 vs 1000 m 1 320 m 
Tb 1600 vs 1 538 m 800 vs 1000 s 1 325 m 
Dy 1600s 1536w 800s 1000m 1315m 
Ho 1600 s 1535 m 800 s 1000 m 1322 m 
Er 1600s 1536w 800vs 1000s 1316w 
Yb 1 600vs 1532m 800m 992s 1315w 
Lu 1600vs 1532m 800m 990w 1315w 

Table 3. Infrared bands of thiocyanate groups for 
Ln(4-dipy)2(NCS)3" 5 H20 [cm -1] 

Ln v CN 5 NCS Ln v CN 5 NCS 

Y 2080, 2 105s, pd 470m Gd 2085, 2 100s, pd 472m 
La 2 080, 2 105 s, pd 475 m Tb 2 060, 2 075 s, pd 475 m 
Pr 2 058, 2 080 sd 475 m 2 090 s 

2 095 sh Dy 2 085, 2 100 s, pd 475 m 
Nd 2085, 2095s, pd 470m Ho 2090, 2 105s, pd 472m 
Sm 2060, 2070s, pd 474m Er 2080, 2 105s, pd 470m 

2 095 sh Yb 2 075, 2 098 sd 475 m 
Eu 2055, 2075sd 470m Lu 2075, 2098sd 474m 

2 090 sh 

s--strong, pd--poorly resolved doublet, sd--strong doublet, m--medium, 
sh--shoulder, w--weak. 

coord ina ted  wi th  a l a n t h a n i d e  and  y t t r i u m .  New bands  are observed for 
the  complexes wi th in  the region 1 322-1 306 cm -1. The character is t ic  
r ing  b rea th ing  mode (982 cm -1) in subs t i t u t ed  pyr id ines  is shifted in  
complexes ( 1 0 0 5 - 9 9 0 c m - 1 ) .  These changes are assigned for the  
coord ina ted  n a t u r e  of the  pyr id ine  n i t rogen  a t o m  12'13. The r ing 
v ib r a t i on  > C---C < appear ing  a t  1 530cm -1 in the  free l igand are 
observed in the  region 1 540-1 525 cm -1. The ba nds  corresponding to 
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ring vibration > C - - N - -  at unbonded 4-dipy are shifted about  10 cm -1 
towards higher wave numbers. Within the region 1 210-740 cm -1 the 
spectrum of the free ligand is richer in lines. For  all complexes a very 
strong and broad band in the water stretching region (3 400-3 350 cm-1) 
and a medium band or shoulder in the water bending region (1 640-  
1 630 cm -1) is observed. 

Table 3 presents a list of the VCN and 5No s bands for these complexes. 
The mode vc~ q of the IR spectra of Ln(4-dipy)2(NCS)3.5 H20 (Ln = Y, 
La, Nd, Gd, Dy, t to,  Er, Yb, Lu) is observed at 2 105-2 075 em -1 as a 
very strong dublet or poorly resolved dublet. These bands can be 
a t t r ibuted to the coordinated isothiocyanate group. The infrared 
spectra of Pr, Sm, Eu and Tb complexes probably correspond to both 
ionic and N-bonding coordinate thiocyanate groups 14'15. The Vcs 
frequencies could not be identified in the spectra of the investigated 
complexes due to the proximity of these bands to 4-dipy; 5Nc s bands are 
identified at ~ 470 cm -1. 

Thermal Investigations 

Thermal studies have been carried out on Ln(4-dipy)2(NCS)3" 5 H20 
where Ln = Gd, Tb, Dy, Ho, Er, Yb and Lu. 

Thermal curves for Gd, Tb, Dy, Ho and Er  compounds have similar 
patterns.  After three stages of weight loss, the mass of the samples 
becomes stable above 520~00°C.  The DTA curves exhibit several 
endothermic peaks. Among them, peaks I (130-145 °C) and II  (250- 
290°C) and also I I I  (405-415 °C) are connected with the immediate 
weight loss of the sample. The DTA curves show also two exotermic 
peaks, from which the one is very  strong and broad. The maximal 
temperatures of the first exothermic peak are observed about  350-  
370 °C. The second exothermic process appears in the DTA curves at 
435-480 °C. The characteristic temperatures of endo- and exothermic 
peaks, as well as loss of mass on particular stages of thermal 
decomposition of these compounds are collected in Table 4. The general 
pyrolysis pat tern  consisted of the following sequence: 

I I I  

Ln (4-dipy)2(NCS)3. 5 H20 - - -~  Ln(4-dipy)2(NCS)3 - - -~  

I I I  

- - -~ L n ~ S s - - ~  Ln203 (Tb407) 

The complexes began to lose water  above 60-95 °C. The compounds 
become anhydrous at 160 °C for Gd, Dy, Er, at 190 °C for Ho and 140 °C 
for Tb. With increasing temperature  the intermediate compounds Ln(4- 
dipy)2(NCS)3 decompose to Ln2S3 and finally to oxides. The minimum 
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Fig. 2. DeHvatogram of Dy(4-dipy}~(NCS} 3" 5 H~O 

decomposition temperature range for step I I I  was 380-410°C. The 
exothermie process which was observed for step II  corresponds to partial 
oxidation of thiocyanates during decomposition of Ln(4-dipy)2(NCS)3. 
The second exothermic effect results from the oxidation of Ln2S 3 to 
oxides. The possible intermediate products of decomposition of Ln2S 3 
did appear in the TG curves. The derivatogram of Dy(4- 
dipy)2(NCS)3" 5 H20 is shown--as an example--in the Fig. 2. 

The compositions of the intermediate compounds formed at various 
stages of the thermal decomposition were evaluated by calculation from 
weight loss measurements (TG curves), only the compound. Ln2S 3 and 
the final product are isolated using the method described in 
literature 16'17. The chemical composition of these products was 
established on the basis of the determination of Ln and sulphide is. The 
error in the results, determined thermogravimetrically and using 
chemical analysis in comparison with theoretical values, was equal to 
ca. 1%. 

For Ln(4-dipy)2(NCS)3.SH20 (Ln ~--Yb, Lu) the pyrolysis has 
nearly identical patterns as for compounds Gd - Er, with the exception 

64 M[onatshefte fiir Chemic, Vol. 115/8--9 
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Table 4. Thermal decomposition data 

Compound Step ~ loss of mass Temp. Peak 
of Calcu- Deter- range temp. 

decom- lated mined [°C] in DTA 
posi- from [°C] 
tion TG 

1 2 3 4 5 6 

Gd(4-d/py)2(NCS)s'5H20 
I ~ 12.27 12.0 60-160 i45 endo 

Gd( 4-dipy)2(NCS)3 
I II  59.88 59.0 200-395 250 endo 
$ 355 exo 

Gd2S3 
I I I I  3.28 3.7 400-570 405 endo 
$ 450 exo 

Gde03 

Tb(4-dipy)2(NCS)3. 5 H20 

Tb(4-dipy)2(NCS)s 
I 

Tb2S~ 
I 

Tb407 

I 12.24 12.0 60-140 130 endo 

II  59.61 59.0 170-360 260 endo 
360 exo 

I I I  2.73 3.0 380-550 410 endo 
435 exo 

Dy(4-dipy)2(NCS)~" 5 H20 

Dy( 4-dipy)2(NCS)~ 
L 

DyeS3 
I 

Dy20~ 

I 12.19 12.5 60-160 140 endo 

II  59.32 59.0 210-380 260 endo 
365 exo 

I I I  3.26 4.0 400-520 410 endo 
460 exo 

Ho(4-dipy)2(NCS)3" 5 H20 
$ 

Ho(4-dipy)2(NCS)3 
I 

H%S~ 
I 
$ 

Ho203 

I 12.15 l l .8  95-190 140 endo 

II  59.13 59.0 210-405 290 endo 
370 exo 

I I I  3.27 3.6 410400 410 endo 
440 exo 
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Table 4 (continued) 

Compound Step ~ loss of mass Temp. Peak 
of Calcu- Deter- range temp. 

decom- lated mined [°C] inDTA 
posi- from [°C] 
tion TG 

1 2 3 4 5 6 

Er(4-dipy)2(NCS)3" 5 H20 
$ I 12.11 12.0 90-160 140 endo 

Er( 4-dipy )e( N CS )3 
r I I  58.94 58.5 190-400 280 endo 

380 exo 
Er~S3 

I , I I I  3.24 3.0 410~580 415 endo 
$ 480 exo 

Er~Oa 

¥b(4-dipy)2(NCS)3" 5 H20 
I 12.01 11.2 100-180 130 endo 

Yb(4-dipy)~(NCS)3 
$ II  5.21 5.0 180-'220 200 endo 

Yb(4-dipy)I.7~(NCS)~ 
I I I  10.42 10.5 220-265 240 endo 

Yb(4-dipyh e5(NCS)3 
IV 42.87 43.0 265~95 360 exo 

Yb~S3 
] V 3.21 3.5 400880 405 endo 

420 exo 
Yb~O3 

Lu(4-dipy)~(NCS)~" 5 H20 
$ I 11.98 11.5 50-140 120 endo 

Lu( 4-dipy )2(N CS ) 3 
I I  5.19 5.00 160-220 185 endo 

Lu( 4-dipy h.75( N CS )3 
J, I I I  10.39 10.50 220-'260 225 endo 

Lu(4-dipy)l.25(NCS)3 
IV 42.76 43.0 260-390 380 exo 

Lu2S3 
I V 3.21 3.0 440M~60 410 endo 

460 exo 
Lu203 

64* 
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tha t  the 4-dipy moiety was split off in three stages (Table 4). At first 
0.25 mol of 4-dipy (180-220 °C for Yb, 160-220 °C for Lu) was eliminated 
and formed the transition compound Ln(4-dipy)l.75 • (NCS)3. I t  losed 
0.5 tool 4-dipy and decomposed to Ln(4-dipy)l.25(NCS)3. Elimination of 
all water, 0.25 mol and 0.5 tool 4-dipy is an endothermic process. The 
DTA curves show the presence of three endothermic peaks. Within the 
range above 260~95  °C the decomposition of Ln(4-dipy)l.25(NCS)3 takes 
place and forms Ln2S 3. Over the temperature  400 °C for Yb and 440 °C 
for Ln the compound Ln2S 3 converts to oxides. The exothermic process 
attains a maximum at a temperature  360~80  °C for step IV, while for 
step V it takes place from 420 °C (Yb) to 460 °C (Lu). The exothermic 
effect results from oxidation processes. 

The values of energy of activation (Ea) for dehydrat ion of the 
compounds Ln(4-dipy)2(NCS)3 • 5 H~O (Ln = Gd, Tb, Dy, Ho, Er, Yb, 
Lu) were determined from TG and DTA curves, using the method of 
Pilojan and Novikova 19, s0. The authors determined the value of E a from 
the equation 

l n m - - 2 1 n T , ~  x = C - E J R T  for a ~ < 0 . 4 + 0 . 6  

where: a -- m/~ is the degree of dehydration; 
m =- the weight loss (from the TG curve) at temperature  T; 

= total  weight loss; 
Tm~ x -- the maximal temperature  of the endoeffect 

in the dehydrat ion process; 
C -- constant coefficient. 

The activation energy is determined by  a graphical method; 
lg m -- 2 lg Tma x is plotted against I/T. The plot is a straight line with a 
slope of Ea/R" 2.303 (Fig. 3 as an example). The values of the energy of 
the dehydrat ion reaction (the first stage of decomposition) are 

Ln Gd Tb Dy Ho Er  Yb Lu 

E a [kcal/mol] 19.2 19.2 24.0 24.7 22.8 21.9 21.0 

Fig. 4 shows the values of energy of activation for the dehydrat ion of 
the compounds Ln(4-dipy)2(NCS)3 • 5 I-I20 as a function of the atomic 
number. 

Conclusions 

Complexes of the general formula Ln(4-dipy)2(NCS)3 5H20  
(Ln --- La, Pr, Nd, Eu, Sm, Gd, Tb, Dy, Ho, Er, Yb, Lu and Y) have been 
isolated as crystalline compounds. 
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The IR spectra of these compounds suggest tha t  4,4'-dipyridyl is 
coordinated to a metal ion. The IR spectra of the compounds of Y, La, 
Nd, Gd, Dy, Ho, Er, Yb and Lu suggest tha t  the thiocyanate groups in 
these compounds are N-coordinated. N-bonding thiocyanate groups are 
also indicated in the compounds (Et4N)3Ln(NCS)6 (Ln = La, Ce, Nd) 
and (Bu4N)3[Ln(NCS)6] (Ln = G d ,  Eu, Ho, Dy) 21. The ionic and 
nitrogen bonded thioeyanate groups exist probably in the complexes of 
Pr, Sin, Eu and Tb. Similar Hart and Laming  ~2 interpreted the I g  
spectra of the compound [Yb(NCS)2(C12HsN2)2JNCS. The nature of the 
bonding of the SCN groups is not full clear in many complexes of 
lanthanides and other metals la'21 29. For  an explaination concerning 
these compounds further studies of the crystal and molecular structure 
are necessary. 

The thermolysis of complexes in the series Gd + Er  has similar 
patterns.  During the thermal decomposition of Yb and Lu complexes 
partial deamination takes place. Similar observations have been made in 
the case of Ln(4-dipy)2X 3 • ni t20  (X = Cl- ,  B r - ,  NO3- ) 1--~ and in the 
case of 2,2'-dipyridyl complexes ~°'31. The intermediate compounds 
Ln(¢-dipy)2(NCS)3 and Ln(4-dipy)l.25(NCS)3 decompose to Ln2S 3. The 
thermal decomposition of thiocyanate complexes to metal sulphides as 
intermediate products is noted in the literature 16. The final products of 
the compounds investigated are the oxides. 

This work was partly supported by the Nuclear Problems Institute, 
Warsaw, Poland, Problem No. 04.3.13. 
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