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Abstract  

The integral heats of solution of nine kinds of RE(NCS)3 • n H 2 0  (n --- 6 for RE - -  Sm, 
Eu, Gd, Tb, Dy, Ho, Er, Tin, Y) in aqueous glycine solution, of nine kinds of 
RE(NCS).~ • n H 2 0  (n -- 7 for RE -- La, Pr, Nd; i, - 6 for RE -- Gd, Dy, Ho, Tin, Yb, Y) in 
aqueous alanine solution and of ten kinds of RE(NCS)3.  n H , O  (n = 7 for R E - - L a ,  Pr, 
Nd; n - - 6  for RE = Sin, Eu, Gd, Dy, Ho, Yb, Y) in aqueous serine solution have been 
measured calorimetrically at 298.15 • 0.1 K. In the above measurements ,  the molar ratio 
of R E ( N C S ) s - n H 2 0 ( c ) : a m i n o  ae id(e) :H20( l )  is 1:3:600. The  integral heats of 
Dy(NCS).~ • 6HzO in more dilute aqueous solutions of glycine, alanine and serine were also 
measured separately. At  this time, the molar ratio of Dy(NCS)3 .6HzO(c) : amino  acid 
(c) :H20(I)  was changed to 1:3:1200 and 1:3:2400. Some valuable results have been 
obtained and are analysed with discussion. 

I N T R O D U C T I O N  

Grea t  interest has been aroused in the study of rare earths (REs)  because 
of their special applications in physiology, biology and pharmacology [1]. 
The  trivalent rare earth RE  3+ ions can substitute Ca 2+ in biological systems 
and have been u s e d  as Ca 2~ probes [2]. I t  has been reported• that  
ian thanum-glyc ine  has bet ter  antineoplastic effects and less toxicity t h a n  
lanthanum chloride [3]. In order  to unders tand the effects of R E  3+ ions i n  
biological systems, it is very important  to study the interaction between rare 
ear th  and amino acid. 

The N C S - i o n  can easily coordinate with an RE 3+ ion. The  rare earth 
isothioeyanates are important  compounds.  As the essential consti tuents o f  
proteins,  amino acids have many significant physiological effects. Glycine 
(Gly), alanine (Ala) and serine (Ser) are three typical a - amino  acids. They 
are very important  ligands of the metal  elements in biological systems.  

The integral heat  of solution of a rare earth isothioeyanate in aqueous 
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amino acid solution can supply some information about the interaction 
b e t w e e n  rare earth and amino acid. In this paper, the integral heats of 
solution of a series of rare earth isothiocyante hydrates in aqueous solutions 
of the three amino acids mentioned above have been measured. 

E X P E R I M E N T A L  

Purification of  amino acids and preparation of  RE(NCS)., • ni l20 

Glycine, alanine and serine (BR)  were purified by means of  recrystalliza- 
tion using twice-distilled water. The purified amino acids were then kept in 
desiccators containing CaClz until their weights became constant. 

T A B L E  1 

Results of component analysis of RE(NCS).~- n H 2 0  

RE(NCS)a • !l H,O RE (%) NCS (%) H 2 0  (%) Molar ratio (found) 
RE:  NCS:  H20  

La(NCS)a • 7H20 

Ce(NCS)3- 7HaO 

Pr(NCS)a • 7H20 

Nd(NCS)a • 7H20 

Srn(NCS).~ • 6HzO 

Eu(NCS)a • 6H20 

Gd(NCS).~ • 6H:O  

Tb(NCS).~ • 6F120 

Dy(NCS).~ " 6HzO 

Ho(NCS)a • 6HzO 

Er(NCS)a - 6HzO 

Tm(NCS). , .  6H20 

Yb(NCS)a • 6H20 

Y(NCS)3 6H20 

31.69 39.54 28.77 1 : 2.99: 7.0 I 
(31.62) (39.67) (28.71) 
31.90 39.48 28.62 1:2.99: 7.00 

(31.81) (39.56) (28.63) 
31.99 39.34 28.67 1 : 2.99: 7.02 

(31.93) (39.49) (28.58) 
32.50 39.01 28.49 1 : 2.98: 7.01 

(32.44) (39.19) (28.36) 
34.80 40.24 24.96 1 : 2.99: 5.99 

(34.76) (40.26) (24.98) 
34.98 40.05 24.97 1 : 2.99: 6.02 

(34.99) (40.12) (24.89) 
35.76 39.58 24.66 1 : 3.00: 6.01 

(35,77) (39.64) (24.59) 
35.95 39.70 24.35 1 : 3.02: 5.98 

(36.02) (39.49) (24.49) 
36.47 39.24 24.29 1 • 3.01 : 6.01 

(36.53) (39.17) (24.30) 
36.74 38.84 24.52 1 : 2.99: 6.04 

(36.88) (38.96) (24.17) 
37.35 38.64 24.01 1 : 2.98: 5.97 

(37.20) (38.76) (24.04) 
37.52 38.57 23.91 1:2.99:5.98 

(37.44) (38.61) (23.95) 
37.90 38.45 23.65 1 : 3.02: 6.00 

(38.00) (38.26) (23.74) 
24.08 46.68 29.24 1 : 2.97: 5.98 

(23.95) (46.93) (29.i2) 

Note: calculated values in parentheses. 
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T h e  aqueous  amino  acid solut ions were p r epa red  by weights.  
RE20.~ (99 .9-99 .99%),  sulphuric  acid ( r eagen t  grade) ,  B a ( O H ) 2 -  8 H 2 0  

(analytical  grade)  and NH4SCN ( reagent  grade)  were  used to p r epa re  
R E ( N C S ) a -  n H 2 0  by the following double  decompos i t ion  react ion.  

3Ba(NCS)2 + RE2(SO,)a = 3BaSO4,~ + 2RE(NCS)3  

Af te r  recrystai l izat ion,  the R E ( N C S ) a .  n H 2 0  crystals were  kept  in 
desiccators  conta in ing  50-55.% H2SO4 until thei r  weight  became  constant .  

Both  chemical  analyses  and molecular  s t ruc ture  de te rmina t ions  ( b y  
means  of a Nicolet  P 3 / F  four-circle single-crystal  X-ray di f f rac tometer)  
p roved  that  the composi t ions  of RE(NCS)a  • n H 2 0  are  as follows: n = 7 for 
R E  = La,  Ce, Pr, Nd; n = 6 for R E  = Sm, Eu,  Gd,  Tb,  Dy,  Ho,  Er ,  Tin,  Yb,  
Y [4]. In every complex,  the R E  3÷ ion is coord ina ted  with the  n i t rogen  
a toms  of th ree  N C S ,  ions and the oxygen a toms of n - 1 HzO molecules .  
O n e  wa te r  molecule  which is not  coord ina ted  with an R E  a÷ ion therefore  
exists as s t ruc tura l  water .  

The  rare  ear th  con ten t  in R E ( N C S ) a .  n H 2 0  was de t e rmined  by E D T A  
t i t rat ion.  T h e  N C S -  con ten t  was de t e rmined  by the m e t h o d  of Volhard .  
T h e  wa te r  con ten t  w a s  calcula ted af ter  the  de t e rmina t ion  of the rare  ear th  
and N C S -  conents .  

The  resul ts  of c o m p o n e n t  analyses  of R E ( N C S ) 3 - n H 2 0  are  listed in 
Tab le  1. 

Calorimeter and calorimetric experiments 

A modified R D - I  hea t  conduc t ing  au tomat ic  ca lo r ime te r  (The  Scientific 
In s t rumen t s  Fac tory  of Siehuan Univers i ty)  was used for the caloric 
measu remen t s .  It  has 144 pairs  of the rmoeouples .  H e a t  changes  up to 2 J 
can be m e a s u r e d  exactly.  

Two calor imetr ic  componen t s  with the same s t ruc ture  are  a r r anged  
symmetr ical ly  in an a lumin ium block kept  at cons tan t  t e m p e r a t u r e  and  
connec ted  in opposi t ion to form a twin system. The re fo re ,  a t ten t ion  should  
be paid to the symmetry  and equivalence  of the "work ing  e l e m e n t "  and  the 
" r e fe rence  e l e m e n t "  in all respects  when  carrying out  the measu remen t s .  

T h e  hea t  effects due to the  b reak ing  of ~',e glass ampoules  are  negligible 
compared  with the measu red  heat .  

Deta i ls  of the  appara tus  principles z~nd m e a s u r e m e n t  h a v e  been  
publ ished e l sewhere  [5, 6].  . . . . . . . . . . .  : 

T h e  reliability of the calor imetr ic  system was m o n i t J r e d  in the p resen t  
exper iments  by measur ing  t h e  in tegra l  hea t  of solut ion o f  1 m o l K C l  
(Merck)  in 200 mol H 2 0  at 298.15 :t: 0.1 K. T h e  
17.59 4-0.08 kJ mol  - t ,  which is consis tent  with t h e  
17.524 ± 0.028 kJ mol -t [7]. 

We measu red  the integral  hea t s  of solut ion 

m e a s u r e d  value i s  
l i te ra ture  value  of 

of n i n e  kinds of 
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RE(NCS)3  • n H 2 0  (n  = 6 for  R E  = Sm, Eu ,  Gd ,  Tb,  Dy,  H e ,  Er ,  Tm,  Y) ir~ 
aqueous  glycine solut ion,  of  n ine  k inds  of  R E ( N C S ) . ~ - n H 2 0  (n = 7 for  
R E = L a ,  Pr,  Nd;  n = 6 for  R E  = G d ,  Dy,  H e ,  Tm,  Yb,  Y)  in a q u e o u s  
a lanine  solut ion,  and  o f  ten k inds  of  RE(NCS).~ .  n H 2 0  (n = 7 for  R E  = 
L a ,  Pr,  Nd;  n = 6 for R E  = Sm,  Eu ,  Gd ,  Dy,  H e ,  Yb,  Y) in a q u e o u s  
ser ine solut ion.  I n  the  above  m e a s u r e m e n t s ,  the  m o l a r  ra t io  of  
R E ( N C S ) 3  • n H 2 0 ( c )  : a m i n o  acid(e) :  H20( I )  is 1 : 3 :600.  We  also m e a s u r e d  
the integai  hea ts  of  Dy(NCS)~  • 6 H 2 0  in m e r e  di lu te  a q u e o u s  solut ions  of 
glycine, a lan ine  and ser ine  separa te ly .  Meanwhi le ,  we changed  the  m o l a r  
rat io  of  Dy(NCS).~ • 6 H 2 0 ( c ) : a m i n o  a c i d ( c ) : H 2 0 ( l )  to 1 : 3 : 1 2 0 0  and  
1 : 3: 2400. 

Mos t  of  the  m e a s u r e m e n t s  were  r e p e a t e d  nine  t imes.  T h e  uncer t a in ty  of  
the  expe r imen t a l  resul ts  is expressed  as twice the s t a n d a r d  dev ia t ion  of  the  
mean .  

RESULTS AND D I S C U S S I O N S  

Component analyses of  RE(NCS).,. nil20 

The  resul ts  of  c o m p o n e n t  analyses  of R E ( N C S ) 3 .  n H 2 0  are  listed in 
Tab le  1. T h e  f o r m u l a e  of  R E ( N C S ) 3 .  n H 2 0  are  as follows: n = 7  for  
R E -  La,  Ce,  Pr,  Nd;  n = 6 for  R E -  Sin, Eu ,  Gd ,  Tb,  Dy,  H e ,  Er ,  T m ,  
Yb,  Y. 

Results of calorimetric experiments 

T h e  resul ts  of  the  ca lor imet r ic  e x p e r i m e n t s  are listed in Tab les  2 and  3. It 
is c lear  tha t  the  in tegra l  hea ts  of  so lu t ion  of  R E ( N C S ) 3  - n H 2 0  in the  above  
aqueous  a m i n o  acid so lu t ions  a re  endo the rmic .  

F r o m  T a b l e  2 it can be seen  tha t  when  the  m o l a r  rat io  of  
R E ( N C S ) 3  • n H 2 0 ( c )  : a m i n o  a c i d ( c ) : H 2 0 ( I )  is 1 : 3 : 6 0 0  the  in tegra l  hea ts  of  
solut ion of  the  s a m e  R E ( N C S ) 3  • n H z O  in wa te r  and  in a q u e o u s  so lu t ions  of  
glycine, a lan ine  and  ser ine  are 

AHA,. > AHGEy, AHs~ > AHH20 

P e r h a p s  this o r d e r  is due  to the  difference of  mo lecu la r  in te rac t ion  
b e t w e e n  dif ferent  a m i n o  acid and  wate r  and  the  dif ference of coo rd ina t ing  
abili ty of  a m i n o  acid with K E  3+ ion in a q u e o u s  solut ion.  . . . .  

F r o m  T a b l e  3 we can see tha t  the  in tegra l  hea ts  of so lu t ion  of  
D y ( N C S ) 3 - 6 H z O  b e c o m e  smal le r  in m o r e  di lu te  solut ion of  the  s a m e  
amino  acid. W e  can also s ee  tha t  ~vhen the  concen t r a t ions  of  the  a q u e o u s  
solut ions  of  th ree  amino  acids  dec rease  by equa l  amoun t s ,  t h e  integral  
heats  o f  so lu t ion  of  D y ( N C S ) 3 . 6 H 2 0  dec rease  mos t  in a lan ine  solut ion 
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T i  : . ;LE 2 

T h e  in t eg ra l  h e a t s  o f  s o l u t i o n  o f  R E ( N C S ) a  • n H . , O  in w a t e r  a n d  in a q u e o u s  so lu t i ons  o f  
g lyc ine ,  a l a n i n e  a n d  s e r ine  (298.15 -q- 0.1 K) ;  t h e  m o l a r  r a t io  o f  R E ( N C S ) a  - n H ~ O ( c ) : a m i n o  
a c i d ( c ) :  H 2 0 ( l )  -- 1:3 : 600 

RE(NCS).~ - n H 2 0  AH (kJ tool - I )  

Glycino Alanine Serine H20 [9] 

La(NCS)a • 7H20 15.24 ± 0.07 [8] 18.50 4- 0.10 16.02 ± 0.07 
Ce(NCS)a • 7H20 16.10 ± 0.10 [81 
Pr{NCS)a • 7H20 15.70 ± 0.10 [8] 17.91 ± 0.08 
Nd(NCS)a • 7H20 16.27 4. 0.09 [8] I9.02 ± 0.10 
Sm(NCS)a • 6H20 15.23 4- 0.11 
Eu(NCS).a • 6H20 16.36 4- 0.11 
Gd(NCS)~ • 6HzO 16.74 4- 0.10 
Tb(NCS).a • 6H20 17.78 ± 0.14 
Dy(NCS)3 • 6H20 17.35 4. 0.12 
Ho(NCS)a • 6H20 18.05 4. 0.14 
Er(NCS) a • 6H,O 15.33 4- 0.13 
Tm(NCS)a • 6H20 16.00 ± 0.I0 
Yb(NCS)a • 6HzO 16.25 4. 0.12 
Y(NCS)a • 6H~O I4.97 ± 0.06 

18.23 ± 0.11 

16.01 ± 0.13 
17.37 ± 0.12 
I3.19 4- 0.07 
16.79 4- 0.20 
16.71 ± 0.09 

18.864-0.14 16.674-0.16 
19.88 ± 0.15 17.44 ± 0.12 

17.87 ± 0.18 
17.83 ± 0.11 16.14± 0.10 
16.04 4- 0.10 13.85 4- 0.I 1 

14.55 4- 0.09 
15.05 ± 0.08 
15.06 4- 0.03 
15.18 4- 0.08 
13.144-0.06 
14.164-0.10 
13.91 4- 0.10 

(13.87) 
13.83 ± 0.10 
15.12o-0.I2 

(14.19) 
(13.26) 

12.34 4. 0.08 

T A B L E  3 

T h e  i n t eg ra l  h e a t s  o f  s o l u t i o n  o f  Dy(NCS) .~ .  6 H z O  in a q u e o u s  a m i n o  ac id  so lu t ions  o f  
d i f f e r e n t  c o n c e n t r a t i o n s  (298.15 ± 0.1 K)  

Molar ratio 

RE(NCS)a - n H20(c) :  amino acid(c) : HzO(l ) 

AH (kJ tool - I )  

Glycine Alanine Serin¢ 

1:3:600 17.35±0.12 18.86±0.14 16.674.0.16 
1:3:1200 16.68±0.09 17.43 ± 0 .2 .q  16.48±0.14 
1:3:2400 16.094-0.12 15.80 4-0.b 16.33±0.17 

and least in serine solut ion.  This  is poss ibly  due  to the different structures o f  
glycine,  a lanine and serine and due  to their differing coordinat ing  abilities 
with R E  a+ ion in aq u eou s  solut ion.  
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