
Y i n - N a n  L e e  
Atmosphetic Sciences Division, Brookhaven National Laboratory, Upton, NY, USA 

The Henry’s law type constants of OH and HO* have not been experimentally 
determined for obvious reasons; it is extremely difficult to measure the concen- 
trations of these reactive species in either the gas phase or the aqueous phase, let 
alone simultaneously in both phases. At a more fundamental level, because these 
radicals react rapidly in both phases, e.g. [l-31, compared with mass-transfer 
rates characterizing typical laboratory multi-phase systems, the gas-liquid equi- 
librium which is necessary for such measurements to be feasible is typically not 
attainable. Consequently, the Henry’s law constants of these radicals are tradi- 
tionally evaluated from the free energy of somtion, AsOtGo(X) accompanying 
the process of transferring a molecule X from the gas phase, denoted g, to the 
aqueous phase, a, i.e. 

using the equation 

X -X s7 a (9.10) 

AsOtGo(X) = - R T  1nkt.r (9.11) 

AsOtGo(X) is defmed as 

As,,GO(X) 7 ArGO( - AfG’(X)s (9.12) 

where the free energies of formation of X in the gas phase and in the aqueous 
phase are typically evaluated using thermochemical cycles. 

It should be pointed out that, because the Henry’s law constant determined in 
the way described above is a function of the difference between two comparable 
numbers in the exponent, the uncertainty is therefore generally sizable. A smaLl 
uncertainty of 0.8 kJ mol-t in the individual quantity would correspond to 40 % 
uncertainty in the value of ku. Since a typical combined uncertainty is rarely 
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smaller than 2.1 kJ mole1 the Hemy’s law constant evaluated in this fashion 
canuot be expected to have an uncertainty smaller than a factor of 2. 

Finally, it is noted that both of these radicals undergo acid-base dissociation 
in aqueous solution. Consequently, the effective Henry’s law solubilities, kn*, of 
these species depend on their pKa and pH of the solution, i.e. 

,k* = k&l + K&H+]) (9.13) 

The pKa values of HO2 and OH have been determined as 4.9 [4] and 11.9 [5], 
respectively. The heats of ionization of HO2 and OH were determined as 0 and 
42 IIZ 8kimol-1 [6]. Later, Bielski [7] recommended a value of 4.69 for the pKa 
of HOz. For liquid water typically encountered in the environment, such as cloud, 
rain and seawater, the pH falls in the range between ~3 and ~8.5, encompassing 
the pKa of HO2. Consequently, the effective Henry’s law constant of HO* must 
be considered for HO2. However, because of the large pKa of OH compared with 
the aforementioned pH range, its effective Henry’s law solubility is not expected 
to be affected by the solution pH of these aqueous media. 

1 OH [CAS 3352-57-61 

Values of thermodynamic properties of OH in aqueous solution are listed in 
Table 9.43. Values for OH in the gas phase are listed in Table 9.44. The Henry’s 
law constant of OH has been estimated by various investigators and the values 
range from 25 to 1 x lo5 mol dme3 bar-’ [18]. While the high values were sim- 
ply assumed by Chameides [ 191, Jacob [20] adhered to a much smaller value of 
25 moldmm3 bar-’ (298 K), as did Schwartz [21], based on Schwarz and Dod- 
son [ll]. However, it is recognized that the large discrepancies in the value of 
Henry’s law constant of OH have little substantive impact on a model’s ability 
to describe the atmospheric chemistry and distribution of this important species, 
as stated for example by Lelieveld and Crutzen [18]. 

Table 9.43 Thermodynamic properties of 
aqueous OH 

Quantity Value Ref. 

AfGi/kJ mol-’ 13.39 W’ 
19.00 10 
25.10 11 
26.82 12 
35.69 13 

AfH;/kJ mol-’ 7.1 14 
-4.2 10 

So/J moi-’ K-’ 96 14 
A&T/kJ mol-’ -10.0 11 

-20.9 8 
P& 11.9 15 
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T a b 1 9  9 . 4 4  T h e r m o d y n a m i c  p r o p -  
e r t i e s  o f  g a s e o u s  O H  

2 2 1  

Q u a n t i t y  V a l u e  R e f .  

A f G ; / k J  m o l - ’  3 4 . 3 1  1 6  

A f H ; / k J  m o i - ’  3 8 . 9 9  1 6  
4 4 . 4  1 7  
3 7 . 2 8  1 7  
3 9 . 1 2  1 7  
4 1 . 8  1 7  

T a b l e  9 . 4 5  G i b b s  e n e r g y  o f  s o l u t i o n ,  

A w i G  

S p e c i e s  V a l u e / k J  m o i - ’  R e f .  

H O  - 2 5  2 2  
- 1 5 . 5  1 0  

- 5 . 0  2 3  
- 8 . 4  2 4  

T h e  v a l u e  o f  A S O t G O  f o r  O H  w a s  e s t i m a t e d  b y  K o p p e n o l  a n d  L i e b m a n  [ 8 ]  
t o  b e  - 2 1  k J m o l _ ‘ .  T h i s  c o r r e s p o n d s  t o  a  H e n r y ’ s  l a w  c o n s t a n t  o f  4 . 6  x  
1 0 3  m o l  d r n 3  b a r - ‘ .  T h e  v a l u e s  o f  A S O t G o  w h i c h  h a v e  a p p e a r e d  i n  t h e  l i t e r a t u r e  
r a n g e  f r o m  1 7 . 6  t o  - 2 5  k J  m o l e 1  ( T a b l e  9 . 4 5 ) ,  a n d  w o u l d  r e s u l t  i n  H e n r y ’ s  l a w  
c o n s t a n t  v a l u e s  f r o m  8  t o  2 . 5  x  1 0 4  m o l  d m M 3  b a r - ‘ .  H o w e v e r ,  u s i n g  t h e  a v e r a g e  
v a l u e  o f  A f G i  =  3 4 . 6 4  = t ~  3 . 5 1  k J m o l _ ’  a n d  A f G i  =  2 1 . 0 9  z k  6 . l l k J m o l - ’  
r e s u l t s  i n  a  H e n r y ’ s  l a w  c o n s t a n t  o f  2 3 7  m o l  d m W 3  b a r - l  f o r  H O ,  w i t h  a  l a r g e  
u n c e r t a i n t y  o f  1 5  t o  4  x  1 0 4 .  T h i s  i s  o f  l i t t l e  c o n s e q u e n c e  i n  t h e  d e v e l o p m e n t  o f  
m o d e l s  o f  t h e  a t m o s p h e r i c  c h e m i s t r y  o f  H O .  

2  H O 2  [ C A S  3 1 7 0 - 8 3 - 0 1  

V a l u e s  o f  t h e r m o d y n a m i c  p r o p e r t i e s  o f  H O 2  i n  a q u e o u s  s o l u t i o n  a r e  l i s t e d  i n  
T a b l e  9 . 4 6 .  T h e  f i r s t  e x p l i c i t  e v a l u a t i o n  o f  t h e  H e n r y ’ s  l a w  c o n s t a n t  o f  H O 2  

T a b l e  9 . 4 6  T h e r m o d y n a m i c  p r o p e r t i e s  o f  
a q u e o u s  H O 2  

Q u a n t i t y  V a l u e  R e f .  

A ‘ G ; / k J  m o i - ’  5 . 0 6  f  0 . 8 4  2 5  
A # Z a / k J  m o l - ’  - 3 6 . 0  z t  4 . 2  1 4  

S ” / J  m o l - ’  K - l  i 3 a k 4  1 4  
A - , G ; / k J  m o l - ’  - 3 5 6  ( O z - )  2 6  

P &  4 . 8  &  0 . 1  3  
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Table 9.47 Thermodynamic properties of HOP(g) 

Quantity Value Ref. 

AfG;/kJ mol-’ 22.6 * 2.5 29 

14.43 16 
26.8 30 

AfHg/kJ mot-’ 10.5 It 2.5 29 
2.1 & 8.4 16 
14.6 + 4.2/-2.1 27 
14.6 31 
16.82 jz 2.51 32 
15.90 & 5.02 28 
22.2 33 
24.06 34 

TA&/kJ mol-’ -12.30 29 

So/J mol-’ K-l 228.99 29 

using a thermochemical cycle was given by Schwartz [25] as shown below. 

HO2 (g) - %(g) + ;Hz(g) (9.14) 

HWaq) - %(a@ + H+(aq) (9.15) 

A value of 1.2 x 103 mol dmW3 bar-’ was recommended based on an estimated 
value of 5.06 ZIZ 0.84kJmol-’ for AfG’(HO& in combination with a 
AfG”(H02)s = 22.6 kJmol_‘. It was also pointed out that, because of the 
uncertainty in the value of the enthalpy of formation of HOz, ArHi, which was 
used to deduce AG’(HO& the value of kn(HO2) may be as large as 6.7 x 
10s moldmm3 bar-’ if AfHi = 14.6kJmol -r were used. The recommended 

value by Shum and Benson [27] for AfHi is 14.6(+4.2, -2.1) klmol-‘, 
contrasting with a JANAF value of 2.1 Z!Z 8.4kJmolV1 [16]. Although 
Chameides [ 191 adopted a high value for kn(HO2), i.e. 9 x 103 mol dme3 b=-i 
(291 K), Jacob [20] adhered to an intermediate value of 4 x 103 moldme bar-i 
in a review of atmospheric heterogeneous chemistry. 

Since the study of Shum and Benson [27], several additional values of AfHi 
have appeared in the literature. These values are compiled in Table 9.47. Fisher 
and Armentrout [28] compared their experimentally deten-nined value, 15.9 k 
5.OkJmol-‘, with the available data and found good agreement with both the 
value recommended by Shum and Benson [9] and that measured by Howard [29] 
(Table 9.47). In the case of the experimentally determined appearance energy of 
ion radicals, Holmes ef aZ. [29] reported a value of 14.6 kJ mole1 for AfH’(HO& 
in excellent agreement with the recommended value by Shum and Benson [27]. 
Later, Espinosa-Garcia [32] reported a theoretical value of 16.82 & 2.51 kJ mol-’ 
and suggested that earlier calculations such as that of Sana er al. [34] may repre- 
sent overestimates. Judging from the fairly consistent experimentally determined 
results and a downward trend in the calculated values which asymptotically 
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approach the experimental values, the value recommended for AfP’(HO& by 
Shum and Benson [27] is the most appropriate to use. With the use of the value 
14.6 k 4.2 kJ mol-’ for AfHi which leads to AfGi = 26.94 zk 4.18 kJ mol-’ and 

AfGz = 5.06 I!= 0.84kJmol-1 evaluated by Schwartz [25], the Henry’s law con- 
stant of HOa is estimated to be 6.8 x 103 mol dme3 bar-‘. However, in view 
of the fairly large uncertainties of the thermodynamic values involved in the 
calculation, 1.3 x 103 to 3.7 x 104 moldme bar-’ may be used as bounds. 
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