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react ions  are  competi t ive,  depending  on the pa r t i a l  
p ressure  of oxygen  in the  sys tem 

S i ( s )  + O2(g) = SiO~(s) 

S i ( s )  + �89 O2(g) = S iO(g)  

The oxida t ion  of sil icon to si l ica is the  only  react ion 
occurr ing at  h igh oxygen  pressures,  but  i t  is insignifi-  
cant  at  low pressures  be low 10 -2  a tm at 1400~ or  
10-6 a tm at  1200~ as shown in Fig. 1.14 Gaseous SiO 
is a dominant  p roduc t  of the oxida t ion  at  low oxygen  
pressures.  Al though oxygen  is a s t ronger  ox idant  than  
chlorine, under  reduced  oxygen  atmospheres ,  the  two 
are  comparable .  Thus the format ion  of Si-O-C1 phases 
could be considered f rom the direct  oxychlor ina t ion  of 
Si and  the  gas phase  in teract ions  

S i ( s )  + O2(g) + 2HCI(g)  = SiOC12(g) + H20(g )  

S iO(g)  + O(g)  + SiCl~(g) --  2SiOC12(g) 

SiOC12(g) + SiCl~(g) - -  Si2OC16(g) 

Si (s) + O2 (g) + Si2OCls (g) --> SinO2n-~Cls (s) 

The oxygen- r i ch  chloros i loxane phase, not  necessar i ly  
represen ted  by  those f rom Table I, could exist  under  
the condit ions of reduced  oxygen  pressures  and ap -  
p ropr i a t e  chlor ine  atmospheres .  These conditions might  
have occurred  in the  Si-SiO~ in ter face  due to the  pres -  
sure gradient ,  as suggested by  Monkowski  et al., and 
to t r app ing  of gaseous chlor ide  molecules.  

Table I. The Si-O-CI ion species present in the CVD process 

Observed  ion species* 

P robab le  
n e u t r a l  

p recusor**  

SiOCI~ 
SLoOCI Si~OCI~ Si~OCh 
Si~O~CI SisO~Cla Si~OeCh 

Si~O3Cl3 SL303C14 
Si~OsCh 

SiOCls = 
Si~OCI5 Si20C16 

Si~O~CI4 = 
Si30~C15 Si~O~Cle 
Si40~Cl~ Si~05Cl6 
Si~07Cl5 Si507C16 
Si60~Cl~ Si60oCl~ 
Si701~CI, SiTOxzCl~ 
SisOlaC15 Sis01~Cl~ 
Si~O~CI~ SigO~CI~ 
Silo01~Cl~ Siio0~7Ci~ 
SinO~Cl~ Sh~O~CI~ 

* Observed only above 800~ They  probably come from the  
in t e rac t ion  b e t w e e n  SiCh and  H20. 

** T he  majority of ions seems to derive from a n e u t r a l  pre-  
cusor  ~inO~-~C~6, w h e r e  n = 2-il ,  excep t  those wi th  = symbol. 

A Method for Estimating Impedance Parameters for 
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J. Ross  M a c d o n a l d  a n d  D. R. F r a n c e s c h e t t i 9  5 In his 
paper ,  Macdonald  proposed  a s imple e lec t r ica l  equ iva-  
lent  circuit,  inc luding an induct ive  element ,  for  sys-  
tems wi th  pseudoinduetance  behav ior  and presents  an 
app rox ima te  method  for der iv ing  est imates  of circuit  
e lement  values  f rom expe r imen ta l  data.  In  ea r l i e r  work  
we have  shown tha t  many  different,  bu t  e lec t r ica l ly  
equivalent ,  circuits  m a y  be employed  to represen t  
s i tuat ions where  e lec t rode  or  in te r fac ia l  adsorpt ion  
effects lead to a pseudoinductanee,  or equ iva len t ly  a 
pseudoeapaci tance  which m a y  be e i ther  posi t ive or  
negative.l~ Macdonald ' s  equiva lent  circui t  is the same 
as tha t  of our  Fig. 4c, except  that  he does not  include 
bu lk  (or  solut ion) res is t ive  and capaci ta t ive  e lements  
in his circuit.  In  ana lyz ing  expe r imen ta l  da ta  he has 
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subt rac ted  out  the nonnegl igible  bu lk  resis tance of the 
sys tem wi thou t  expl ic i t ly  ment ioning  doing so. We 
have  prev ious ly  presented  Is, 1~ and discussed in  de ta i l  
an equiva lent  circui t  for homogeneous mate r ia l s  which  
includes bulk,  reaction, and adsorpt ion  effects and p ro -  
vides a super ior  represen ta t ion  of smal l - s igna l  a -c  
response for a wide range  of systems (see especia l ly  
Fig. 4b of F tn lL 

Macdonald  i l lus t ra tes  his approach  wi th  an analysis  
of the da ta  of Arms t rong  and Henderson  is on t r ans -  
passive chromium in 0.5M H2SO4, ac tua l ly  subject  to 
a s teady  bias of 1390 mV. The numbers  which labe l  
each point  in Fig: 3 of his paper  are, in fact, r ad ia l  
frequencies ( r / sec)  r a the r  than  Hz, as s ta ted in the  
caption. Macdonald  demonst ra tes  tha t  his simplified 
approach  to da ta  analysis  works  qui te  wel l  in  this case. 
Since the  ac tua l  numer ica l  da ta  for this  pa r t i cu l a r  
case no longer  exist,  TM we assume tha t  Macdonald  ob-  
ta ined  his represen ta t ion  of the Arms t rong-Hende r son  
da ta  by  scal ing f rom the i r  Fig. 4c, a l though this is not  
s ta ted  in his work.  

Whi le  not ing tha t  the charge  t rans fe r  resis tance for 
a pseudoinductance  sys tem might  be obta ined  th rough  
the use of the  (complex)  nonl inear  leas t  squares fit- 
t ing p rocedure  of (J.R.) Macdonald  and Garber ,  2~ 
Macdonald  character izes  this method  as cumbersome 
and not  wel l  sui ted to rout ine  appl ica t ion  in corrosion 
research.  As far  as we know, he has made  this j u d g -  
ment  wi thout  ever  ac tua l ly  using the method.  Af te r  
many  hundreds  of fits to many  var ie t ies  of impedance /  
admi t t ance - f r equency  data,  we are  convinced tha t  the  
method  is easy  to apply ,  is su i tab le  for rou t ine  use, 
and wil l  a lways  yie ld  be t t e r  p a r a m e t e r  es t imates  than  
can be obta ined f rom the few data  points  employed  
in Macdonald 's  app rox ima te  approach.  In most cases, 
using his es t imates  (or the appropr i a t e  t r ans fo rma-  
tions of them)  as input  values  wi l l  resul t  in r ap id  con- 
vergence of the  least  squares  fit. Unl ike  es t imates  ob-  
ta ined  f rom Macdonald 's  method,  the  pa rame te r s  es-  
t ima ted  b y  the least  squares p rocedure  wi l l  reflect a l l  
the  data, wi th  es t imated  s t andard  deviat ions of the  
pa rame te r s  and of the  ove r - a l l  fit being de te rmined  as 
well,  a l lowing meaningfu l  compar ison to be made  of 
fits and p a r a m e t e r  es t imates  for  different  equiva lent  
circuits. 

We reques ted  tha t  Macdonald  send us his scaled da ta  
so tha t  we could c a r r y  out a complex  least  squares  fit 
of i t  to compare  wi th  his results.  Unfor tunate ly ,  i t  
had  not a r r ived  b y  the deadl ine  for the presen t  note. 

D. D. M a c d o n a l d :  21 In  the  discussion given above, 
Macdonald  and Francesche t t i  have  raised a number  of 
points  tha t  deserve  clarification. 

Firs t ,  the  series res is tance can be compensated  for  
e lec t ronica l ly  using posi t ive f eed -back  techniques,  22 
so that,  in principle,  inclusion of the  series resis tance 
in the equiva len t  circui t  is not  necessary.  Of grea te r  
significance, however ,  is the  fact  tha t  the  series re -  
sistance has no effect on the  analysis  as formula ted ,  
since its va lue  is de t e rmined  as the  infinite f requency  
in tercept  on the  rea l  axis. Accordingly,  inclusion of a 
series res is tance in the equiva len t  circui t  would  mere ly  
shift  the  or ig in  of the  complex  p lane  along the real  
ax i s .  

Second, the  diseussors stress the  fact  tha t  the i r  non-  
l inear  least  squares method  for es t imat ing  the im-  
pedance  pa rame te r s  uses all  of the expe r imen ta l  im-  
pedance  vs. f requency  data,  and  not  jus t  four  charac -  
ter is t ic  points  as employed  b y  the app rox ima te  method  
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out l ined  by  the author .  They r igh t ly  point  out tha t  
the  impedance  pa rame te r s  ca lcula ted  f rom the least  
squares  fit wi l l  be more  accura te  than  those obta ined  
using the app rox ima te  method.  The au thor  does not  
d ispute  this  claim. Indeed,  i t  is s ta ted in the  paper  tha t  
the app rox ima te  method  could be used for es t imat ing  
the  input  pa rame te r s  for the  more  sophis t ica ted  non-  
l inea r  leas t  squares  technique.  However ,  the  au thor  
d id  claim, and he re i t e ra tes  tha t  c la im here, tha t  for  

the  m a j o r i t y  of cases tha t  a re  l ike ly  to be encountered  
in corrosion research,  the app rox ima te  method  yields 
da ta  tha t  a re  sufficiently precise  for  most  purposes,  
p rov ided  that  the  first and four th  quadran t  subspect ra  
a re  essent ia l ly  independen t  of one another  in the  
ne ighborhood of the  m a x i m a  in the reactance.  Of 
course, this  conclusion m a y  not app ly  to those systems 
tha t  indicate  a more  compl ica ted  equiva len t  circuit ;  
this point  can be set t led only by  fu r the r  analysis.  




