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ABSTRACT 
The standard enthalpies of formation at 15.298 K of some crystalline 8-

hydroxyquinoline (8-hydroxyquinoline is written as Hox) complexes with metal 
(III) 3)(oxM (where ScM = ,Ti ,V , Cr , Mn , Fe , Co ,or Al , Ga , In ,Tl )
were determined by calculation of the value of 0

rH∆ ,of the reaction: 
−+ ++ )()(

3
)( 33 aqcaq OHHoxM ���� )(2)(3 3)( gc OHoxM + using thermochemical and 

electrochemical data. The standard enthalpies of formation in the gaseous state 
were derived using literature values and some estimates of enthalpies of 
sublimation 0

subH∆ . Standard enthalpies of formation in the crystalline state of 
some hydrated complexes 3)(oxM . OH 2 were derived.  

From the standard enthalpies of formation in the gaseous state the mean 
metal-legand dissociation enthalpies )( oxMD − were derived and compared 
with the corresponding values for other complexes of these metals 

)( acacMD − , where onateAcetylasetacac = . Many thermochemical data 
were derived by plotting )( oxMD − versus )( acacMD − of these metals. The IR 
spectra of the complexes 3)(oxM and 2)(oxM based on stretching 
frequencies of )( oxM −ν bands find that )( OMD − > )( NMD − .

)( LMD − , where L=acac or ox, is greater in [ 2ML ] or [ 2MOL ] than in 
[ 3ML ] showing that trend in )( LMD − in [ nML ] complexes primarily depends 
on the number of legands and not on the oxidation state of the metal. 

 
Key words: Thermo chemistry, Chemical thermodynamic, 

Chemical bonds, Enthalpies of formation. 
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��	
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��	
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#� 30±�, '�� .(��,	
 �  B�"�)1(/���	
 )�(�. 0
rH∆�
�����'	 ��� 
�	


������	
 �2'�6�	
 ) .����	�� ��. *	5 /������	
 #���Ti #+ ���
�� ���'�� ���& Q�'  
������	
 8�
���	
 ��,�� �  � ���+ 8�3� � J���! /��	 J�
����]10[�������	
 


-& �  ���6���	
 �"� �!�>
 W��� @��� ��� 0��	
 J	 �,�� /	 0�� ����	
 
-& �!�	 ��
D. . ����� � �(5 ��	? ����	
 
-�& #�� ��9 J��2� L��� ���� ������
� ����� 
OTiO −−]10[(#. �,� /��	
 ���� �,. #� �	- ��!�:

JkH r 96.26)41.60()96.21()83.3(30 +=+−+−=∆
�,. #� 
-�&0

rH∆�1���	
 �
����	
 �9��	 .
���9 ������	
 <-& /+��0

2H∆�����	
 �	���	
 ���� �,. #� Jk12−]25[
Jk25.28−]20[�	
 ���� ��
�� �  . ����	
 #� �DC, $� ����	
 L����2/�����

 )���% @��� ���.
'�����)1(� 	
��
��� ��
1����.� �&4�=��0

3H∆K0
2H∆K0

rH∆�1 L���� 1−molJk
Tl InGaAlCoCrSc"����� 

357.47368 385.83438.9 ~415 408 413 >����)T.k (M���� G�=��
40.18 68.41 80.5164.99 61.44 60.41 61.150

3H∆
�14.64�24.88�29.28�23.62�22.33�21.96�22.270

2H∆
14.05 32.04 39.7429.61 27.65 26.96 27.370
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 ����	
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0E/! #� ����� #��� 0
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 ������	
 ��
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����	
 �	���� #� �, #5 /��	
 <-1	 ��
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��������
1�� )1(

�\�2]�#�� ���6	
 �9"�	
0E0H∆�23�	
 =�,�X
 �+�2�	:−+ + eM 33�M
���
 #��� �	1��������>
 ��������������	
 ���9"�	.000 STHG ∆−∆=∆0����

00 EFnG ⋅⋅−=∆)(
0

0
T
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�'	 
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'�����)2(5��
1���� '����� aqf MH )( 30 +∆�0E�0S��� ������� 	�,
���� 	�
�&��� 	
���
	=��)���.

molJk
MH aqf

/
)( 30 +∆

KmolJk
MS aq

./
)( 30 +

V
MME )/( 30 +	
������ L������

+3M
648.16�0.246 2.08�+3Sc 

]50.55�[0.455 1.37�+3Ti 
]294.75�[0.272 0.86-+3V

259.83�0.272 0.75-+3Cr 
]123.84�[0.247 0.27�+3Mn 

49�0.284 0.04�+3Fe 
77+0.30 0.44++3Co 

211.7�0.350 0.55�+3Ga 
531.0�0.276 1.67�+3Al 

]112.90�[0.180 0.34�+3In 
]168.73+[�0.74++3Tl 
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{ }−∆+∆=∆ ),(3],)([ 2
0

3
00 gOHHcoxCrHH ffr )],(3),(3),([ 0030 cHoxHaqHOHaqCrH fff ∆+∆+∆ −

+

{ } )]0.83(3)0.230(3)03.256[(),8.241(3],)([96.26 3
0 −+−+−−−+∆= gcoxCrH f

1
3

0 47.446],)([ −−=∆ molJkcoxCrH f
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 D��� /��9 ��  ����>
 ��	
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������ ���0
3H∆��2�	
 �	����	 :

)(2)(3)( gc OHoxM ++ �)(23 .)( cOHoxM
#��,	
 �)1(L��� #O
 #��� ����	���5 ��1���	
 �
�����'	 �������	
 �����	


)(23 .)( cOHoxM�,� )"!� /��	
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0
3H∆)(2)(3)( gc OHoxCr ++ �)(23 .)( cOHoxCr

{ } { }],.)([(),(],)([ )(23
0

2
0

)(3
00

3 cfgfcf OHoxCrHOHHoxCrHH ∆−∆+∆=∆
)](,.)([)]80.241()47.446[(41.60 23

0 cOHoxCrH f∆−−+−=
1
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3)(acacMU
��� #�� �1���9 130�120�
����	
 <-& S'�6�	 �, '��]2�5�8[
-6>
 $�#����	�� ������	
 ��3� 2)(oxM)����� ��2���	
 /��	
 �
- #��� ���	


Jk200~]20[�
-&5��3��	
 ���'�+ J��  /��� D-	
 D�
��	
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]288180[ Co−C�,�� % ����� �� "�6
 $� �kJ15�
�����	
 $���, ��,. #�

 ����!	
 ����	
 ��3� ��,� #. �����	
2)(oxCo)������ D��� J'�!� 	��!"!	
 ����'
3)(oxCo]20 �35[0�� 5#10 205 −=∆ molJkH sub �	���	
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0
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 �  N(� & ��� �����	
 �
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 #� #��0

subH∆�
����� $� ������	�� 3)(acacM���� 

$,��	
 �  U��9]34[R����	
 *'+ �3�� �1�2�)������.

'�����)3(��
1����5	
B�C�� �,����� 	1�A�� �,����1 	������� �������� 	
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1
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−
∆

molJk
cOHoxMH f

1
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−

∆
molJk

goxMH f
1

3
0 ])([

−
∆
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1
3

0 ],)([
−

∆
molJk

coxMH f"�����
M

1137.34�631.39�203 834.39�Sc
�]428.97�[217 ]645.97�[Ti
�288.70�198 ]*486.70�[V

748.68�348.47�198 446.47�Cr
�]91.4�[208 ]299.4�[Mn
�]5.2�[202 ]207.20�[Fe

412.19�96.05+205 108.98�Co
1021.78�511.99�203 714.99�Al
827.28�186.07�198 384.07�Ga
725.57�99.46�195 294.46�In
312.80�154.18+185 30.82�Tl
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�,� #. �+�2�	
 
-& #� ����	���5
����	
 #� ��
� 0"! D��� ��2�	 )( oxM −
�9"�	
 #� �	-:

∑ −=∆ )(0 oxMDH diss  
#. ����+��),(0 goxH f∆D��� 0��>
 151.50 ��� ��	 �, '�� ]20[#. 

����	���5 �6��	
),(0 gMH f∆�	
 ��	 � ��� #���]2�36[����� ��,. #�� �,� �
)"!� /��	
:

0
dissH∆)(3)( goxgCr +�)()( 3 goxCr

)].,[()],(3),([ 3)(0000 goxCrHgoxHgMHH fffdiss ∆−∆+∆=∆
)47.248()]50.151(3)90.399[(0 −−+=∆ dissH

JkH diss 86.11020 =∆
/! #� #T  X
����	
 ���	��� ���
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1
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−
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1
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−
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1

0

−
∆

molJk
Hdiss 1

0 )(,
−

∆
molJk

gMH f"�����
M

]532.09[496.24 1488.72 381.60 Sc
]488.5[]451.38[1354.17 470.7 Ti

]*452[]*418.26[1257.79 514.6 V
410 367.62 1102.86 399.90 Cr
315 ]275[825 279.1 Mn
335 ]295[885 415.3 Fe
310 263.52 790.56 432.1 Co

469.9 430.73 1292.19 325.70 Al
349 309.42 928.27 287.70 Ga
305 265.65 796.96 243.0 In

]151.89[111.89 335.67 181.50 Tl
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F������ 	�*��� 
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#. B�"� �� ���	
 ��!"! ������	
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 L��� �  8����])([ 3
0 acacMH f∆. ])([ 3

0 oxMH f∆?��	
�
��,	
 �  8� ��
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3
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-5 ������ /�9 �& )����� ���>
 �����!	
 �
����	
 /��� ���9 ]6�20[
-5����9 5����	���
 ��3�	
��208 202 �, '��/�� ��M��	
 #� ��	 #. R������ L�����	
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1
3
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3
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