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O x o a m m o n i u m  sails  prepared f rom nitroxyl radi- 
cals 1.2 are of great interest as oxidants .  It is known 3,4 
that nitroxyl radicals  are  efficient catalysts  for oxidation 
reac t ions .  It was a s s u m e d  that the  c o r r e s p o n d i n g  
o x o a m m o n i u m  salts are in termediates  in these catalytic 
processes.  In this c o n n e c t i o n ,  the s tudy  o f  the reactions 
of  nitroxyl radicals that  affbrd o x o a m m o n i u m  salts is 
urgent.  

The format ion o f  the  CIO 2 complexes  with the nitr- 
oxyl radical 2 , 2 , 6 , 6 - t e t r a m e t h y l - 4 - h y d r o x y p i p e r i d i n - I -  
oxyl ( I ) h a s  previous ly  5 been reported.  In this work, we 
s tudied the c o m p l e x  format ion o f  CIO 2 with 2,2,6,6- 
te t ramethylp iper id in-1  -oxyl (TM PO) (2) in different sol- 
vents and the t r an s fo rma t ion  of the c o m p l e x  into the 
o x o a m m o n i u m  salt (2a) .  
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Experimental 

? 

Chlorine dioxide was prepared by the reaction of KCIO 3 
with oxalic acid in the presence of H2SO4 .6 The CIO, formed 
was passed through a trap with |:'40!0 /or dehydration and then 
adsorbed on a column filled with silica gel anti pre-cooled to 
0 ~C. To obtain solutions of CIO 2, the column was heated in a 
thermostat to 30--35 ~C. and CIO 2 was blown out with argon 
ir~to a trap with a solvent. The concentration of CIO 2 in a 
solution was determined iodometrically using the Brei method 6 
and spectrophotometrically. 7 Potassium perchlorate and oxalic 

acid (reagent grade) were purified by recrystallization from 
water. Sulfuric acid (special-purity grade) was used as received 
I'MPO was recrystallized from n-heptane, All solvents were 
purified by known procedures) I 

The complex tbrmatlon of ClO, with TMPO was studied 
spectrophotometrically on a Specord M40 tCad Zetss Jena) 
instrument in a special ceil cooled with a flow of cold gaseous 
nitrogen (Fig. I). The temperature in the cell v,a~; monitored by 
a thermocouple. The 2-mL cell was loaded with the solvent 
(I--2 mL), a solution of TMPO {24- 10--~--Iq.2 �9 10 -3 retool), 
and a solution of CIO~ (4" 10 -4 mmol). A solution of ]MPO 
(2.4. 10-J-19.2 �9 10-2'-mmol) was placed m a reference cell. 
The cells were thermostatted at -20 to ~'-20 ~C, and the 
spectrum of the solution ",,,.as recorded. 
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Fig. I, Thermostatled quartz cell fo~ spectrophotometric mea- 
suremems: t, cap with lhermocouple; 2. quarlz spectrophoto- 
metric cell; 3, quartz jackel of the thermostat; and 4, quartz 
vacuum jacket. 
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Table 1. Parameters of the CIO 2 complex with TM PO in different solvents at 2(1 ~ 

Solvent ;'.,m,x a" K 3-H ~ AS" AG ~ 
/nm /L  rnol "-r /kcal tool ' i  /cal (mot K)) "l /kc,tl too l - I  

Acetone 485.2 20.74 7.3 -q .5  - 2 8 . 6  -- I. I 
Acetoni t r i le  4889 37.40 36 --~.3 - 25.7 - 0 . 8  
Heptane  4=06 t.92 23.1 - t0J} - 2 8 1  -1.8 
Dielhyl e ther  47S.7 4.22 9.3 - 7 4  -2{).9 - 1 . 3  
Carbon  telrachloride 4805 2.24 266 -11.4 - 3 2 . 5  -- 1.9 
Toluene 479.6 2.38 200 -12.8 - 3 8  3 - 1.6 

* c is the dielectric constant. I~ 

The kinetics o f T M P O  consumpuon v,-a~ monitored by ESR 
spect roscopy on an SE/X 2544 instrument with addiliorml 
modula t ion (100 kHz) ai 20 ~C. A sl~lulion (I m L) o f  TMPO in 
CC!.I (2-  lit -2 tool L - i ,  002 molt was placed in the cell. and a 
solut ion (I mL) o fCIO 2 (2. 10 -2 tool L - i .  0.1)2 mmot)  in CCI4 
was added. The reaction mixture (0.1 niL) was sampled from 
the cell, and the sample was 10-1"Md diluted witll CCla. The 
sample  of the resulting solution wa,, loaded into an ESR tube. 
and the ESR spectrum was recorded The concentration of 
TM PO was determined from ;I catibralion plot. 

To obtain the oxoammonium salt, equal volumes olequimo- 
klr toluene solulion~ o[ CIO 2 and TMPO were mixed. The 
precipitate Ibrnled was filtered off, washed with the solvent, and 
dried in vacuo, t h e  I R spectrum of  the suit was recorded on a 
Specord MSO inslrumenl (Car! Zeiss Jena~ in Nujol in a KBr 
ceil. Found (%): C, 48.S; H, 8.4; CI, 14.4: N. 6.0, O, 22.4. 
CgHIs( . ' INO ~ Calculated (%): C. 505: t4. 8.5; CI. 14,9: 
N, 5.9; O, 20.2. 

Results and Discussion 

W h e n  s o l u t i o n s  o f  C10-, a n d  I - M P O  in d i e thy t  e the r .  
n - h e p t a n e .  CCI  4, a c e t o n e ,  ace ton i t r i l e .  -lnd t o t u c n c  are 
m i x e d ,  t he  resu l t ing  mix tu re  b e c o m e s  in t ense ly  d a r k q e d  
A n  u n s t r u c t u r e d  b road  a b s o r p t i o n  b a n d  wi th  kma x at 
4 7 0 - - 4 9 0  n m  a ppe a r s  in the  e l e c t r o n i c  spec t r a  (1"able IL 
In  p o l a r  so lven t s .  Zma x shi f ts  to  the  t o n g - w a v e  reg ion  
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Fig. 2. Elecironic spectra of diethyl ether solutions at 20 ~ 
1, mixture containing [TMPO] = 2 �9 10 -'4 tool L - i  and [CIO2] = 
2" 10 -4 tool L - I  with [TMPO] = 2" 10 2 mol L - I  as the ret'~r- 
ence solution: Z solution ,*i/h [CIO2I = 2- 10 -4 tool L-~; and 
3, spectrum of the complex obl:lined b} the subtractton of 
spec t rum 2 from specmxm t. 

t b a t h o c h r o m i c  shifi) ,  w h i c h  is c h a r a c t e r i s t i c  o f  c h a r g e  
transfer c o m p l e x e s 9  T h e  U V  s p e c t r u m  o f  CIO-~ e x h i b i t s  

no noticeable change (Fig. 2L 
Changes in the ESR spectra o f  T M P O  and CIO~ 

were not observed .  W h e n  the  s o l u t i o n  was c o o l e d  f r o m  
~20 to -S0  ~ the intcf~sity o f  i ls co lo r  was e n h a n c e d  
This suggests the format ion o f  a comp lex  between C IO  2 

and T M P O .  
The  resuhs  o f  m e a s u r i n g  t h e  a b s o r b a n c e  A o f  the  

complex  in the  - 2 0  to + 2 0  ~  interval  s h o w  tha t  
IC IO2[0" I /A  increases l i nea r ly  as the inverse T M P O  
c o n c e n t r a t i o n  in all s o l v e n t s  i n c r e a s e s  ( this p l o t  for  
ace tone  is p re sen ted  in Fig. 3).  w h e r e  [CIO210 is t he  
initial c o n c e n t r a t i o n  o f  C I O  2, a n d  l is the  o p t i c a l  p a t h  

length in the  cell .  
This suggests  thai CIO 2 a n d  t h e  T M P O  rad i ca l  f o r m  

a I " I c o m p l e x :  

CtO 2 + >NO ~ . - ~  CIO2...TMPO, 

Indeed ,  at [ T M P O i 0  >> [C10210, w h i c h  WaS a l so  
observed in our  e x p e r i m e n t s ,  t h e  s tabi l i ty  c o n s t a n t  

Ic IO: l -  l .  , . l -~/moi cm L -'i 
1 

) 

4 

2 4 

0, 
I 2 I > N O I  - I .  i O - : f L  tool - i  

Fig. 3. Parameter [CIO!1-l/,4 as a function of the inverse 
conccnlra6on of TMPO :it different temperatures (acetone as 
the ~ofvent~: ~/~ = 20 ( / ) .  I0 (2}. 0 (3L --I0 I4). and - 2 0  (5). 
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Fig. 4. Dependence of logK on the inverse temperature ~acetone 
as the solvent). 

K - - -  [CIO2...TMPOlo 
I TM PO lo ([CIO z Io -- ICIO.-.... TM POt0 ) " 

From where ICIO2. . .TM POt0 = A/~: �9 I, 

[Cl02]u/ - I I I 
A c K " c {TMPO]<) ' 

;,,-here [TMPOh)  is the concentrat ion o f  the complux, 
and s is the molar absorpt ion coeff icient. 

The last equation makes it possible to determine ~,-l 
and (K -~ )  - I  (see Fig. 3) and, hence, the stabil ity con- 
stants K (see Table I). 

The thermodynamic  parameters o f  complex forma- 
t ion (A l l  ~ A5 "~ c~,(J'~ presented in Table I were obtained 
from the temperature dependence of K (Fig. 4). 

AG o AH o AS ~ 
log /r = . . . .  + . . . .  

RT R T  R " 

In the solvent studied, a linear relationship between 
A//" and A3 ~' (compensation effect) was found (Fig. 5). 

The correlation between the equilibrium constant 
and the solvent nature by the Brownstein and Dimroth 
equations is unsatistactor?, the correlation coefficients 
being 0.63 and 0.36, respectively. It is most likely that 
the complicated character of the dependence of the 
equilibrium constant on the solvent nature is related to 
the solvation of all reactants: CtO 2, nitrox~l radical, and 
the complex. It is well known that nitroxyl radicals in 
solutions form complexes with solvents. II  This explains 
the absence o f  complex fo rmat ion  o f  radical I with CIO.~ 
in acetone and acetonitrile. 5 

The color of all solvents gradually disappears with 
time, and a finely crystalline yellowish precipitate is 
formed. The intensity of the ESR signals of TMPO and 
CIO 2 decreases simultaneously. The kinetics of TMPO 
consumption obeys a second-order equation (first-order 
with respect to the nitroxyl radical and to CIO 2) 
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Fig. 5. Compensation elfeet in the C I02- -TMPO system in 
different solvents: /, diethyl ether; 2, acetonitrile; 3, acetone: 
4, heptane; 5, CCI4: and b. toluene. 

I . > N O I - E .  10 -2 /L  m o l - I  
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I 2 3 t .  I 0 - [ , ' s  
Fig. 6. rime profile of I/VFMPOI (20 ~ CC14 as ti~e sol',ent. 
ITMPOI0 = [CtO,.I~ = i0-" tool L-~). 

(Fig. 6). At 20 :C the reaction rate constant keff = 
(2.8• 10 .3 L (mol - t  s-l). 
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The crystalline product that formed is d iamagnet ic ;  
however, the ESR signal characteristic o f  T M P O  ap- 
pears with time. Photoirradiation and the presence of  
water accelerate  this process. l ' he  1g spec t rum of  
the crystalline product contains an intense band at 
1624 cm ' I ,  which is absent t?om the spectra of  the 
reactants and characteristic of  the >+N=-O group. Ab- 
sorption with a maximum at 454 nm appears  in the UV 
spectrum (acetonitrile as the solvent), which additionally 
confi rm~ the fo rma t ion  o f  the a m m o n i u m  salt 12 
(Scheme I). 
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