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

The studied arsenic compounds were synthesized by the Grignard reaction in ether. The reaction mix- 
ture was decomposed with dilute HC1 solution. After drying the ether solution the products were isolated in 
up to 80% yields. The melting points of triphenylarsine (60 ~ from alcohol), t r i -p- tolylars ine  (151 ~ from 
alcohol), and t r i -p-cblorophenylarsine (107 ~ from alcohol) agree with the data given in [12-14]. (p-C1C~H4)3As. 
Found: C1 25.64%. CisHi2AsC1 ~. Calculated: C1 26.00%. When preparing t r imesi tylars ine the reaction was 
run in an ether-- tetrahydrofuran mixture. The product has rap 177 ~ (from n-hexane, cL [13]). 

CONCLUSIONS 

Based on measuring the dipole moments of triphenyl-,  t r i -p- to ly l - ,  t r i -p-chlorophenyl- ,  and t r i -  
mesitylarsine,  the value of the CAsC valence angle was estimated for the f irs t  three compounds (102~ 
angle should be substantially grea ter  for t r imesi tylars ine.  

This 
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Chemiluminescence (CL) was observed in the reactions of Grignard reagents and alkali-metal organo- 
metallic compounds with oxygen [1, 2], and also of aromatic Grignard reagents with aromatic peroxides [3]. 

The resul ts  of studying a new luminescent reaction of the organic peroxides: benzoyl, laury], and t e r t -  
butyl peroxide with butyllithium in either toluene, heptane, or THF solution are reported in the present 
paper. 
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Fig. i. Chemiluminescence spect ra  
of react ion of BP with BuLi (a) and 
photoluminescence of heptane solution 
of mixture  of acetophenone and 
C4HsOLi (b) (20 ~ [BP] = [BuLi] = 0.01 
mo le / l i t e r ) .  

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

The CL intensity was measu red  in the l ightproof chamber  of a PEA-39 photoelectronie amplif ier  and 
recorded  on an automatic EPPV-60  electronic  potentiometer .  The apparatus made  it possible to r eco rd  
emiss ion  with a br ightness  of 5.5- 103 photons /sec  f rom the react ion chamber.  The absolute CL intensity 
was es t imated by comparing with a s tandard ca l ibra ted  radioluminescent  source of light. The spect ra l  com-  
position of the emiss ion  was measu red  on a h igh- t ransmiss ion  SSR-1 monochromator .  The f luorescence 
spec t ra  were recorded  on a f luor imeter ,  which was assembled  on the monochromator  of an SF-4 spec t ro-  
photometer .  The solutions were  excited with 313-nm light, which was separated out by a D1VIR-4 mono-  
ch romato r  and genera ted  by a h igh -p re s su re  m e r c u r y  lamp (DRSh-250-3). 

The react ion was run in a dry  argon a tmosphere ,  which was f reed of t r aces  of oxygen using Ni--A1 alloy, 
in a thermosta t ted  g lass  vesse l  in the range --15 to 30~ The peroxide solutions were placed in the reac tor ,  
which was blown with argon for  30 min to remove the O2, placed ahead of the PEA, and thermosta t ted  to the 
des i red  tempera ture .  With good mixing, a solution of a double mola r  excess  of BuLl (-< 1 ml) was added to 
the r eac to r  f rom a syringe without upsett ing the l ightprooiness of the chamber.  The end of adding the BuLl 
(time of the operat ion 1-2 sec) was considered to be the s tar t  of reaction. The react ion of benzoyl peroxide 
(BP) with BuLl (parallel with the CL study) was studied iodometr ical ly  [4] based on the peroxide consumption. 

The ep toluene and heptane were refluxed for 6 h over sodium and then distil led in an inert  atmosphere.  
The analytical  grade  THF was f reed  of peroxide by standard p rocedures  and then distil led over  sodium. The 
acyl  peroxides  were reprecipi ta ted  f rom ch lo ro fo rm solution with methanol and then dried in vacuo to constant 
weight. The BuLl was synthesized f rom butyl chloride as descr ibed  in [5]. 

To identify the products formed when an acyl peroxide is reac ted  with BuLi, we reacted  NP with BuLi 
as descr ibed  in [6]. The react ion products  were identified via the IR and NMR spect ra  (Table 1). 

DISCUSSION OF RESULTS 

We studied the CL in the BP--BuLi  sys tem in the g rea tes t  detail. Judging by the formed products,  the 
react ion bears  a complex cha rac t e r  and proceeds  through a number  of success ive  steps. The react ion ap- 
parent ly  begins with the react ion shown on the following p a g e .  

TABLE 1. Reaction Products  of BP with BuLi 
(1 : 2) and Their  IR and NMR Spectra 

Reaction products Infrared spec- NMRspectrum, 5 ppm 
mlm v, cm -1 

C~HsCOOC4H9 
C~HsCOC~H9 
C~HsC(OH) (C4H9)2 
C~HsC00H 
C,HgOH 

1730 (C=0) 
1700 (C=O) 
3500 (OH) 
i705 (c=o) 
35oo (OH) 

4,2 t (CH20) 
2.8 t (CHiC=O) 
2,8 s (OH) 
1,72 m (CH2) 
3,50 t (CH20) 
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Fig. 2. Kinetic curves: a) drop in CL inten- 
sity (i) and its anamorphosis (2) in the coordi- 
nates of Eq. (If); b) consumption of BP (3) and 
its anamorphosis (4) in the coordinates of Eq. 
(I); [BP] = [BuLl] = I0 -2 mole/liter. 

C6Hs--C--'O--O--C--CoHs 2- BuLi -, CsHs--C--OLi + Bu--O--C--C6H~ 
LI I1 It I ( 1 )  
0 O O 0 

as is evidenced by the format ion of ~ 1 mole of lithiu_m benzoate per  mole of reac ted  BP. The butyl phew1 
ketone and lithium alcoholates are fo rmed by the subsequent react ion of BuLi with butyl benzoate and the 
obtained butyl phenyl ketone via react ions  (2) and (3) [5]. 

C~Hs--C--O--C4H9 + BuLi ~ C6H,~--C--C~Hg + C~HgOI.i (2) 
11 II 
0 0 

C~H9 
1 

C6Hs--C--C~Hs + BuLl ~ C6Hs--C--OLi (3) 
}I I 
o C~H9 

Step (1) is the most exothermic. The heat effect of this reaction, calculated from the energy balance of 
the bonds, is 90-95 kcal/mole. This energy is entirely sufficient to excite the n--~* level of the ketone, which 
is fo rmed  by react ion (2). 

The CL spec t ra  r epresen t  ei ther  a single s t ruc tu re less  band (for the react ion of te r t -buty l  peroxide) or  
broad doublet bands (for B1 ~ and lauryl  peroxide). The position of the CL bands (Fig. l a )  does not coincide 
with the radiat ion maximum of alkyl phenyl ketones [7]. However, a heptane solution of an acetophenone-- 
BuLl mixture  gives a photoluminescenee spec t rum whose maximum coincides with the CL maximm~ at 460 nm 
(see Fig. lb). Acetophenone does not reac t  with li thium aleoholates to fo rm new chemica l  products. In the 
given case  the shift of the photoluminescence spec t rum of acetophenone when a lithium alcoholate is added to 
it is due to the complex format ion that occurs  between these part icles .  The format ion of a complex is also 
observed by the change in the UV absorpt ion spec t ra  of the mixture.  Consequently, one of the emit ters  of the 
CL radiation in the reac t ion  of BuLl with an acyl peroxide is  the ketone that is at tached to the lithi~:ma alcoho- 
late in the complex. The nature  of the second m a x i m u m i s  not c lear  and requi res  fur ther  study. It is ent ireiy 
possible that the second maximum is fo rmed by the excitation of another secondary product that is present  in 
the solution. 

The rate  of drop in the CL radiat ion bears  a complex cha rac t e r  (Fig. 2). Two sections are  observed  on 
the kinetic curve,  which are  l inear izedwhen plotted in the coordinates of the equation of a second-orde r  r eac -  
tion. At equimolar  concentra t ions  of BuLl and BP it is  possible to propose equations, analogous to those given 
in [8]i to descr ibe  the rate  of the chemica l  react ion and the CL radiation: 

[BuLi] -~ = [BP]]-~ = [BP] 0 -I 2 c- kt  (I) 
I = ~ld [BuLi] /dt  ~ ~ld [BP] /d t  ~ ~k [BuLi] [BP] 

I 0 = ~k ]BuLi] o [BP] o (H) 
I-'/, = (~lk)-'/, DP] ~"h + (kl~)'l,t 

where k is the react ion rate  constant,  and ~ is the CL output. Eqs. (I) and (1I) are  obeyed well, which can be 
seen f rom a process ing  of the iodometr ic  data and the CL intensity (see Fig. 2). It should be mentioned that the 
k found f rom the slope of line 4, sa t i s fac tor i ly  coincides with the k obtained for the second section of line 2 
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(see Fig.  2). They a re  r e spec t ive ly  equal to 0.30 and 0.34 l i t e r / m o l e ,  see. The CL output is  ~ 10 -12 photons 
p e r  reac t ion  act  of BP with BuLl. 

F r o m  the plot  of k vs  t e m p e r a t u r e  (k was de t e rmined  f r o m  the CL ra te  in the range  --15 to 30 ~ i t  was 
found that  the effect ive  act ivat ion ene rgy  of the p r o c e s s  is  equal  to 3 + 0.5 kca l /mo le .  

C O N C L U S I O N S  

1. A new chemi luminescen t  reac t ion  of BuLi with organic  perox ides  was d iscovered .  

2. The chemi luminescence  ra t e  when BuLl is  r eac t ed  with benzoyl  peroxide  is  desc r ibed  by a second-  
o rde r  equation. The ra t e  constant  of the reac t ion  at 20 ~ and the ac t ivat ion energy  were  determined.  

3. One of the chemi luminescence  e m i t t e r s  is  butyl phenyl ketone,  which is  a t tached to the l i thium 
alcoholate  as  a complex.  
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The a luminum-- i ron  oxide s y s t e m  is widely used as ca ta lys t s ,  so rben ts ,  and in t e rmed ia t e s  for  the 
product ion of f e r r i t e s .  The m o s t  widespread  method for  the i r  p r epa ra t ion  is  by the eoprecipi ta t ion  of the 
hydrogels  f r o m  mixed  solutions of the sa l t s  and subsequent  ignition or aging of the prec ip i ta tes .  Data a re  
lacking on the reac t ion  between AI(III) and Fe(]II) in the step of po lymer iz ing  the me ta l  aquo-ions in aqueous 
solutions as an in t e rmed ia te  step in forming the coprec ip i t a ted  hydrogels .  

In the p r e sen t  p a p e r  we studied the fo rmat ion  of the polynuclear  hydroxo complexes  and the i r  reac t ion  
with anions in mixed  aqueous solutions of Fe(III)--AI(]II)  n i t r a t e s  and ch lor ides  employing the NMR and 
nuc lea r  magnet ic  re laxat ion  (NM relaxat ion)  methods,  and also the stat ic  magnet ic  method. 
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