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Abstract

Com plexes of ad e nine, AdH, with co balt, nickel and cop per chlo rides were pre pared and their ther -
mo dy namic func tions were de ter mined. The complexing pro cesses are en do ther mic in na ture. The
ther mal be hav iour of com plexes was fol lowed up by us ing TG and DTA anal y ses. The stoichio -
metry of ther mal de com po si tion of the in ves ti gated com plexes was sug gested.
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Introduction

The chem is try of ad e nine and its metal com plexes is of much cur rent at ten tion due to
its con tri bu tion in many bi o log i cal sys tems. Ad e nine show var i ous prob a bil i ties of
co or di na tion with tran si tion metal ions due to its po ten tial do nor sites. It co or di nates
with nickel, co balt and pal la dium halides as a mono- or bidentate ligand and chlo ride
bridg ing was found in the de hy drated com plexes [1–3]. Bi nary and ter nary com -
plexes of Cu(II) with ad e nine and amino ac ids were pre pared and char ac ter ized us ing 
spec tral, ther mal and mag netic mea sure ments [4]. The elec tri cal be hav iour of ad e -
nine com plexes was stud ied [5] which ex hib ited a semi con duct ing char ac ter.

Ther mo dy namic and ther mal anal y ses play an im por tant role in study ing the
struc ture and prop er ties of metal com plexes [6–13]. Con se quently, in the pres ent
work, which has orig i nated from our in ter est in study ing the phys i cal prop er ties of
metal com plexes, the ther mo dy namic and ther mal anal y ses of some ad e nine com -
plexes have been in ves ti gated.

Experimental 

All chem i cals used were of pure lab o ra tory grade. A dig i tal pH-meter 5800-05 so lu -
tion an a lyzer, Cole Parmer, was used for pH mea sure ments. The method of Irving

1388–6150/2004/ $ 20.00 

© 2004 Akadémiai Kiadó, Bu da pest

Akadémiai Kiadó, Budapest

Kluwer Academic Publishers, Dordrecht

* Author for correspondence: E-mail: sfsalem2000@yahoo.com



and Rossotti was used to de ter mine the sta bil ity con stants and re lated ther mo dy namic 
pa ram e ters of the com plexes as de scribed pre vi ously [14–16]. The mea sure ments
were re peated at 295, 305, 315 and 325 K.

The solid com plexes were pre pared in 50% (v/v) aque ous eth a nol me dium with
a mo lar ra tio of M:2L. In case of co balt and nickel com plexes 0.568 g of ad e nine dis -
solved in a small amount of bi-distilled wa ter was mixed with a so lu tion con tain ing
0.5 g of CoCl2×6H2O or NiCl2×6H2O, re spec tively. An equal vol ume of eth a nol and
wa ter was added to the re act ing mix ture. The re ac tion mix tures were al lowed to re -
flux for four days. For cop per com plex a so lu tion of 0.793 g of ad e nine was mixed
with a so lu tion of 0.5 g CuCl2×2H2O with con tin u ous stir ring. A blue pre cip i tate was
ap peared at once. The pre pared com plexes were fil tered, washed sev eral times with
wa ter then eth a nol and fi nally dried over an hy drous CaCl2. The an a lyt i cal data of the
formed com plexes are sum ma rized in Ta ble 1. De ter mi na tion of chlo ride ions was
car ried out us ing Mohr’s and Volhard’s meth ods. Atomic ab sorp tion Perkin Elmer
spectrophotometer A 100, was used for the de ter mi na tion of the metal ions. 

Ta ble 1 An a lyt i cal data of solid com plexes

Compound
(MW)

Analysis/%; found/(calc.) Colour
m.p./°CC H N M Cl

[Co(AdH)2Cl2]×H2O
(418.04)

28.6
(28.70)

3.20
(2.87)

35.80
(33.48)

14.01
(14.09)

15.90
(16.96)

violet
335

[Ni(AdH)(Ad)Cl×3H2O]×H2O
(435.5)

28.50
(27.56)

4.40
(3.90)

30.80
(32.15)

13.87
(13.48)

 9.71
 (8.14)

green
300

[Cu(AdH)2Cl2]×2H2O
(440.65)

26.50
(27.23)

3.20
(3.18)

30.40
(31.77)

14.80
(14.42)

16.40
(16.09)

blue
275

The ther mal anal y sis of the com plexes was per formed us ing a Shimadzu DTA-
 TGA in the range 20–800°C with a uni form heat ing rate of 10°C min–1. Plat i num cell
was used and mass of sam ples were ca. 3.5 mg. Ni tro gen was used as a dy namic at mo -
sphere (flow rate is 30 cm3 min–1). Gravimetric anal y sis were car ried out for solid com -
plexes in a very clean, dried and care fully weighed plat i num cru ci ble. The sam ples
were heated grad u ally from 20 to 800°C in an au to mat i cally con trolled elec tric fur nace
for a pe riod rang ing from 3 to 4 h till con stant mass at each tem per a ture.

Results and discussion

The protonation and sta bil ity con stants of ad e nine and its com plexes were de ter -
mined potentiometrically us ing the usual man ner [14–16]. The cal cu lated data are re -
ported in Ta ble 2. It is clear that the for ma tion of the com plexes takes place in two
steps and the for ma tion of M:L is more sta ble than M:2L. This find ing may be at trib -
uted to the pres ence of py rim i dine ring and NH2 group which showed elec tron –
with draw ing and/or the elec tron – re pel ling char ac ter be tween ad e nine mol e cules.
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The in crease in tem per a ture of heat treat ment of the in ves ti gated com plexes leads to
an in crease in the val ues of the sta bil ity con stants sug gest ing an en do ther mic be hav -
iour for the complexing pro cess.

Ta ble 2 Sta bil ity con stants of ad e nine and its com plexes

Compounds
Temperatures

195 K 305 K 315 K 325 K

Adenine pK 9.50 8.90 8.85 9.40

Cobalt complex
logK1

logK2

3.20
2.95

3.60
3.30

4.20
3.80

4.50
4.00

Nickel complex
logK1

logK2

3.50
3.26

4.10
3.65

4.50
3.85

4.80
4.05

Copper complex
logK1

logK2

4.80
4.40

5.75
5.30

6.23
5.90

6.75
6.50

The ther mo dy namic func tions, DG0, DH0 and DS0, as so ci ated with the for ma tion 
of com plexes are com puted us ing the well known re la tions:

DG0=–2.303RTlgK=DH0–TDS0

and lg
.

K

K

H

R

T T

T T
1

2

0
2 1

1 22303
= -

-D

The re sults ob tained are col lected and given in Ta ble 3. The pos i tive val ues of the
enthalpy changes dem on strate that the metal–ad e nine bonds are weak and the
complexing pro cess is en do ther mic in na ture. How ever, the com plexes are sta bi lized by
rel a tively big in crease in DS val ues, i.e., in crease of the ran dom ness of the com plexes
stud ied. At a given tem per a ture, the more closely spaced the en ergy lev els, the greater the 
num ber of lev els that can be pop u lated and con se quently the greater the en tropy, i.e., dis -
or der. An in crease in tem per a ture pro vides en ergy for the pop u la tion of even more en -
ergy lev els and the ac ces si bil ity of en ergy lev els in creases, there fore the dis or der in -
creases and higher sta bil ity val ues are ob tained [17]. In other words, the big val ues of DS0

means that the en tropy is the main driv ing force for the for ma tion of ad e nine com plexes
in aque ous me dium.
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Ta ble 3 Ther mo dy namic data of ad e nine com plexes at 295 K

Compounds –DG0/kcal mol–1 DH0/kcal mol–1 DS0/cal mol–1 K–1

Cobalt complex
4.32
3.98

19.76
14.18

 81.62
 61.57

Nickel complex
4.73
4.40

18.94
11.32

 80.22
 53.30

Copper complex
6.48
5.94

27.88
20.24

116.47
112.98



To clar ify the na ture of in ter ac tion be tween the metal ions and ad e nine mol e cule,
co va lent or ionic, the cal cu lated ther mo dy namic data can be an a lyzed into elec tro static
and non-elec tro static us ing the pro ce dure sug gested by Murakami and Yoshino [18].

DG0=DG non
0 +DG el

0 =nRTlnM+RC(a+eT/ q) 

DH0=DH non
0 +DH el

0 =RC[a+(1–T/q)e T/ q]

DS0=DS non
0 +DS el

0 =–nRlnM–(RC/q)e T/q

where q is the char ac ter is tic tem per a ture of the sol vent and M is its molality. The
terms C and a can be de ter mined by solv ing the above equa tions. The ob tained data
are given in Ta ble 4. It is ob vi ous that the neg a tive val ues of DG el

0  com pared to those
of DG non

0  sug gest that the elec tro static forces are stron ger than non-electrostatic ones, 
i.e., the ionic char ac ter is more pre dom i nant. Whilst, DH non

0 on and DH el
0  val ues are

pos i tive, how ever, the val ues of DH non
0  are higher than those of DH el

0  in di cat ing that
the elec tro static na ture of bond for ma tion is pre dom i nant. The ra tio of elec tro static
val ues to non-electrostatic val ues are ap prox i mately con stant for all com plexes in di -
cat ing that the complexing pro cesses take place by a sim i lar stoichiometry.

Ta ble 4 Elec tro static and non-elec tro static com po nents of ther mo dy namic pa ram e ters

Compounds DGnon
0 –DGel

0 DH non
0 DH el

0

Cobalt complex
14.67
12.45

18.99
16.43

12.31
 7.74

7.45
6.44

Nickel complex
13.96
10.28

18.69
14.68

11.61
 6.57

7.33
4.76

Copper complex
19.89
23.50

26.37
29.44

17.54
12.53

10.34 
7.70

The ther mal de com po si tion of com plexes was fol lowed us ing TG and DTA
tech niques in the tem per a ture range 20–800°C. The thermogrevimetric curves of ad -
e nine and its co balt com plex are given in Figs 1a and b. The ther mal deg ra da tion of
the com plex shows three de com po si tion steps. The first peak at max i mum tem per a -
ture of 57°C which was not as so ci ated with any mass loss may be as cribed to the
cleav age of hy dro gen bonds or van der Waals bonds. The sec ond stage oc curs at
max i mum tem per a ture of 120°C and as so ci ated with a mass loss of 4.065% cor re -
spond ing to the loss of one un co or di nated wa ter mol e cule (calc.=4.305%). The com -
plete ther mal de com po si tion of the com plex oc curred at 361.8°C with a mass loss of
76.423% (the o ret i cally equals to 77.74%) giv ing tricobalt tetraoxide as a fi nal prod -
uct. There fore, the stoichiometry of the ther mal anal y sis can be rep re sented as:

[Co(AdH)2Cl2]×H2O
120°¾ ®¾C    [Co(AdH)2Cl2]+H2O

3[Co(AdH)2Cl2]+2O2 
361 8. °¾ ®¾¾C   Co3O4+decomposition products
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To es tab lish the pro posed for mula and struc ture of nickel com plex, the ther mal
anal y sis was stud ied as shown in Fig. 1c. Four deg ra da tion steps were ob served. The first 
de com po si tion step at 76.05°C has the same mean ing as dis cussed ear lier. The sec ond
step of deg ra da tion oc curs at 120°C and is ac com pa nied by a mass loss of 5.238% sug -
gest ing the loss of one un co or di nated wa ter mol e cule (calc.=4.14%). The third step takes 
place at 208.2°C and is as so ci ated with the loss of three wa ter mol e cules (obs.=12.11 and 
calc.=12.40%). The last deg ra da tion step was ob served in the range 380–630°C with a
mass loss of 66.67% cor re sponds to the loss of chlo ride and ad e nine mol e cules (neu tral
and an ionic). The o retically, the mass loss is 67.65%. In this step, the nickel ion will in ter -
act with the ox y gen pro duced from the deg ra da tion of wa ter mol e cules in the above steps 
yield ing nickel ox ide as a fi nal prod uct. Con se quently, the pro posed stoichiometry for
the ther mal de com po si tion of nickel–ad e nine com plex may be writ ten as:

[Ni(AdH)(Ad)Cl×3H2O]×H2O 120°¾ ®¾C   [Ni(AdH)(Ad)Cl×3H2O]+H2O

[Ni(AdH)(Ad)Cl×3H2O] 208 2. °¾ ®¾¾C   [Ni(AdH)(Ad)Cl]+3H2O 

[Ni(AdH)(Ad)Cl]+0.5O2 
380°¾ ®¾C   NiO+decomposition products

Finally, the stoichiometry of ther mal de com po si tion of cop per com plex was
stud ied and the thermogravimetric curves are dem on strated in Fig. 1d. The TG
curves ex hibit three main de com po si tion steps. The first step with no loss in mass
was ob served at 53.62°C. The sec ond step ap peared at 120°C and re lated to loss of
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Fig. 1 TG and DTA curves of a – free ad e nine and its b – co balt, c – nickel and d – cop per com plexes



two un co or di nated wa ter mol e cules (obs.=8.695% and calc.=8.168%). The re main -
ing part of lig ands in the co or di na tion sphere and chlo ride ions from the metal com -
plex break in three steps at 262.5, 292.01 and 352°C. The to tal mass loss is 72.98%
(cal.=74.81%) which was at trib uted to the loss of two chlo ride and two ad e nine mol -
e cules. The fi nal de com po si tion prod uct was found to be cop per ox ide. Ac cord ingly,
the stoichiometry of ther mal de com po si tion can be sug gested as:

[Cu(AdH)2Cl2]×2H2O 120°¾ ®¾C   [Cu(AdH)2Cl2]+2H2O

[Cu(AdH)2Cl2]+0.5O2 
352°¾ ®¾C    CuO+decomposition products

The above find ings were sup ported by the in fra red spec tra of the fi nal ther mal
de com po si tion prod ucts. The spec tra show the ab sence of all bands as so ci ated with
the ad e nine mol e cule.

Conclusions

The for ma tion of co balt, nickel and cop per ad e nine com plexes is an en do ther mic pro -
cess, i.e., the com plexes are sta ble at el e vated tem per a ture. An elec tro static na ture of
the bond for ma tion is ob served. The ther mal in ves ti ga tion of com plexes il lus trates
that a com plete de com po si tion oc curred at nearly 360°C giv ing the metal ox ide as a
fi nal prod uct.
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