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IXTRODUCTIOS 

The essentially surface origin of the Joshi effect (3, 6, 7 ,  13, 13, 16), defined as 
a practically instantaneous and reversible photovariation T l i  of the conductiv- 
ity iunder electrical discharge, was inferred by Joshi (12, 13) from the pronounced 
influence, on both the magnitude and sign of Ai ,  of the nature of the excited 
surface (1, 6, 9, 11) and of ‘aging’ (3 ,  4, 3,  9) under the discharge. Joshi observed 
that a positive effect (+Ai) in, for example, chlorine under a “normal” ozonizer 
discharge, is detectable only 11-ithin restricted conditions and special means 
(z idc infra); it is, hon-ever, larger and more easily produced when the annular 
space is filled n-it11 pon-dered glass, indicative of a “mdl effect” (13). This has 
obvious significance for R general mechanism of Ai.  I t  appeared desirable, there- 
fore, t o  compare in some detail the Joshi effect under n .bnormnl” discharge and 
that subject to n-all influence. 

DESCRIPTIOS O F  . IPPIRkTTS I S D  VETHOD 

The apparntuq and circuit employed are shon-n in figure 1. Single-phase alter- 
nating current of 30 cycles frequency obtained from a rotnry convertor from 
220-v. D. c. mains. I t s  1.c. output was fed to the primary of n high-tension (H.T.) 
transformer. One of its secondaries TI-as earthed; the other TT-S connected to the 
inner electrode (formed IT-ith sodium chloride solution) of the discharge tube in 
either of its poqitionq shon-n in figure 1. The discharge tube, filled n-it11 purified 
chlorine a t  an optimum pressure of 170 mm. in respect of the effect Ai, and the 
wall material in the divided form, was designed and kindly prepared by Professor 
Joshi. I t  could be used u-ithout disturbing the operative conditions, in tn-o 
ways: n’hen the pon-dered n-all material ivas outside the discharge region (S) ; 
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this is “normal” discharge. Then by mere inversion of the discharge tube, the 
whole n-all material could he brought into tlie discharge region (lV, figure 1). 
The discharge now is  all influenced.” The ozonizer had a solenoid-like copper 
n-ire, wound tightly over the annular space; this formed the loTv-tension (L.T.) 
electrode. The capacity of the system hetn een this low-tension electrode and the 
inner one in the “normal” position was about G pp farads. On inverting it,  so that 
the powdered glass collected in the annular space, the capacity increased to 
16 pp farads. The loiv-tension electrode rvas earthed through one of the various 
detectors, each connected to the galvanometer G. The detectors used were a 
vacuum junction, a double diode GHG (RCh), and a triode 30 (RCA). In almost 

FIG. 1. \Tall i~ifluencc o n  1hr ,Joslii cffcct i n  chlorine; design of npp:lrntus 

all cases of the “nornial” and the  ,.\\.all-influencccI” tlisharges, 111-o series of 
current observations I\ ere made: ( i  i Irhen the detector was introducrd in thtb 
lon -tension line and ( 2 )  11 ~ C J I  connectccl t o  :L imull-size frame awial (IT)? about 3 
it. from the ozonizer. The tein I\ a b  exritcd in the. r m g c  S-14 I;\ . (kilovolt-. 
r.m.s.). For irradiating the discharge tube, a 200-n-att, 200-volt &la+) bulb \\-a< 
used, screened by a shutter. The gal\ nnometer deflections iii the case of v ~ a l ~  c 
detectors indicate the corresponding current z in arbitrary units; n-ith vacuum 
junction, they are proportional t o  i‘, nnd shown Ti-ithin brackets below the 
corresponding i. The discharge currents in tlie dark (iD) and in the light ( i r )  wei’e 
measured at  different applied potentials, under various conditions of excitation 
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and detection. The difference io - i L  gives the net .Joshi effect; its relative value 
100Ai in = per cent Ai is suitable for comparison. 

In experiments referred to  in table 1, the currents in and i L  u-ere measured 
with n vaciiiim junction (T’.J.. figure 1). In the fiwt serie., the 1on’-tension line 

T.IBLE 3 
Potcntinl zturintion i r i th  n cons tan t  resis t ive  inlprdance of tiic “norinnl” nnd “ i r , a l l - i n ~ ~ r e , i c e d ”  

Joshi  effect in t h e  ioic-tension l i i i c  
Resistance of 5,000.1 introduced in  series with t h e  Ion--tension line 

(1) ( 2 ‘  (3 ( 4 ,  ( 5  I ‘6’ 1 ;  8 ‘ Y .  
______.___~.~~ ~~ ~~~ ~ ~ 

G.AS OSLS, IS T H L  DISCHIRGI:  S P \ C T  

DETECTOR,  L\. V l C I T C > l  JUXCTIOS DETECTOR,  ir? Xi.. V.ACrCII JCXCTIOY 

G\S \ \ - I L L  >I\TERI. \L IS T H E  D1S;iliRC.E S P \ ( C  

~ _ _ _ -  P O T E S I I  IL 
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-0 .29 

-0. 70 

-0,s: 

-- 0.4.5 

-0.54 
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-0.60 

-0.65 

-0.74 

-0. 76 

Per cent 
A! 
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- 30 
M c  

-49.6 

-46.5 

-16 .1  

-15 .2  

-17.6 

- 10.4 

-10.0 
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- 10.0 

11-as connected to 1, a ,  and the key I<, for both **normal” and “n-all” discharges. 
The results are shon-n in rolumns 2-8. The low-tension line was now earthed. 
The aerial (F), 2 ,  a ,  and I\ were connected. The rcsiilts are ,shou-n in columns 
10-17 for both the c1isch:irges. 
*I compar:itiJ-e study of the ,Joshi effect in :i “n-all” discharge, with diode and 



triode cietections, 1i-a.: m:icle in both the 1011 -tension and the acrinl currcnts. For 
the former the lon- tcn-ion connectd with I ,  6, and the primary of a Bell 
transformer. It. ~econdnries \=me c~onncctcd scparately to the anodes of the 
diode. The r:tthotles, hcatetl irrdircctlv through the tilament ~ were connected 
together through :i inil1i:unin~ter to  the rcnter of the secondary of the Bell 
tran.;former (step-up ratio 1 : 2 ) .  In ii>inq triode 30, the lo\!- tension was connected 
nit11 1. y. and the primary oi another iron (wrc transformer of step-up ratio 1:3. 
For obsen-ing thc effect in  the aerial cwrcnt .  the low-tension line was earthed a> 
before, anti the ~ o ~ i n e r t i o n ~  intitle through 2 . $  for the diode and 2 ,  y for the triode. 
The rest of the circuit for the tii-o valve3 ii-ils exactly the same as when working 

T.IHT,E 4 
T’rcrintiou Ic,ith resisti2.c i m p c d n n c c  oj the “normal” Joslii cflcct in low-tension circui t  nt a 

constant  potent ial  
Resistances introduced i r i  wries with the low-tension line; detector,  10 m a .  vacuuni junc- 
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-0.82 

- 0 . 2  

-0.54 

-0.30 
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-12 .2  

-10.1 

I -5.S 

in the lon-tension part of the discharge current. Thc values of io, iL, Ai, and 
per (wit  Ai obtained a t  \-ariou> exciting potentials are shown in table 2 .  

In experinients referretl l o  in tables 3 to  8 the vacuum junction T V ~ S  used as a 
drrcctor in either the lon-1cn4on or, and the aerial line. Table 3 records observa- 
tions of the Jo-hi effect x-ith both “normal” and “will” discharge with a 5000 D 
dublier resistance 111 thc lon -tension line by connecting 1 ,a, a i d  R .  Experiments 
xere  nest madc at  a constant exciting potcntial, v iz ,  9.G kv., the above resistance 
in the low-tension line being varied from 100 t o  5,000 D. Table 4 gives a typical 
group of these r e d t q  11 i t l i  a .bnormal” discharge. 

A more detailed study of the influence of a resistance, varied over the range 
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100-23,000 !! iritroclucd in tlic 1on.-tension :mcl nlbo in tlie aerial line, \\-as nest, 
made \\-it11 *x  all'' cli-c*haige clue to  8.5 and 0.6 kv. The reason for selecting these 
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(18.5) 

+5.7 

f 8 . 2  
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potentials is explained later. The connections were It .a \\-it11 1 for the low-tension 
line, and n.itli 2 for the ncrial line. 

Tables G and T refer chiefly to the influence of a by-puss CapacitJ- C (figure 11, 
in t'he low-tension and tlie aerial lines, on the corresponding ,Joshi effect 
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in a *.n-all” cli-charge. The connections u-ere 1 , a ,  and I<, Trhich is by-passed by C, 
for tlir 1011 -ten.ion line: i t   as 2 , a ,  I< and the .same by-pass C for the aerial line 
~ t a h l c  6).  The ( i icl i i t  11 ;I\ nest altered to  1 , a ,  R ,  and the above by-pass capacity 
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C. The latter data shon the combined influence of a serial resistance (R) and SL 

by-pass capacitance (C in the lon--tension line (table 7 ) .  
The above ohservations n-ere continued, of which table 8 represents but one 
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typical group. The discharge used \vas hbn-all influenced" and due to 8.5 and 9.G 
kv.; the effect Ai was studied in both the lon--tenion and the aerial currents. 
Connections \\-ere 1 , C Y ,  R n-ith a parallel C' for the lon--tension line and 2 , a ,  R 
with parallel C' for the aerial line (see figure I ) .  

f 7 . 6 2  4 . 2 t  - 3 . 3 9  -44 .3  14.39 18.62 -0.57 - 4 . 0  
' ( < ? I  (1% (207'1 (191) 

' -1.bO 2 . 2 4  -2.56 - 5 3 . 3  11.76 15.49 t O . 7 3  -4 9 
I, ("3) I(:', (216 I (240j 
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Joshi (11, IT) considers t4at  the high frequencies are suppressed preferentially 
by an ohmic resistance. The inhibition, therefore, of the negatii-e Joshi effect by R, 
a i  observed, follo\\-~. 

The rest of the data in table3 1 to S refer to  the “.\vall” discharge, obtained 11.v 
filling up thc ionization space with poudereci glass. I t  is instructive to compare 
the characteristic ciirws in figures 2 and 2% for part of the data in table 1. Under 
the ”normal” discharge, the  general ,hapc of 1’4 curves (aerial) differs sensibly 
from that in the  lo^\ -tension line. This relative difference is much less marked 
h t n  een the (.orresponding pair* under the ”n-all” discharge. This is further 

FIG. 2.  Putc>iiti:d vai,iatioii of ii, :md ii. in  the  low-tension line under “nor~u:il”and ”\rail- 
irifluencetl” tliarhargcs. 

brought out 1,- ( x r ~ ~ ~ s  in figure 3 .  It is secm that in contrast with per cent Ai 
I ’CTSI IS  potenti:il ~wr\-es for I’I,.T. and i,,(.ri.,I for the ‘*normal” discharge, the per 
cent Ai for the **\valI” tiiscliarge starts with large negative values and decreases 
rapidly to  ;L pwiti\.o m:isinium, for both iL,T, and incri,,l. From an examinat,ion of 
ciirves (not sho\\-n:I similwr to  those mentioned above, for data in tables 2 t o  S, 
it is found tha t  imder .’n-all effect” the behavior of z ’ ~ , , ~ ,  n-ith respect t o  per cent 
~i heroines c:loac~ly similar t o  i:,,7i:tl. -111 outstanding feature of these data for the 
p  all" discharge is the \\-iclcspreatl occurrence of the posit’ive Joshi effect, r i z . ,  
a photoincrease (+-Ai) of the discharge current i in both i L . T .  and inorial at large 
exciting potentials. This deviates from Joshi’s gciieral result ( l G ) ,  deduced for 
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“normal” discharges n-hile working on an audio-representation of ai, that the 
positire effect sets in a t  Ion- T’ and over x small range of the exciting potential. 
It may also be emphasized that a large positive effect under “normal” discharge 
in iodine vapor in the presence of an annular film of KI, + KI n-as observed earl!, 
during n-orli in this field by Joshi ((i). This positive effect, however, u-as found t o  
be affected by “aging” under the discharge; “aging” produced irreversibly the 
more familiar negative ,Joshi effect. 1-nder present conditions, hon-ever-and 
this may be emphasized to he a characteristic of the amplified “n-all” effect-the 
transition + A i  to -Ai, and conversely, is reversible and reproducible ad l i b i tum.  

30 

25 

20 

15 

10 

5 

c G d ’  UNDER ‘NORMAL’ DISCHARGE 

o---o jj ‘WALL--INFWENCED’ )J 

3 

FIG. 2a. Potent ia l  variation of in and L L  in the aerial line under “normal” and “wall- 
influenced” discharges. 

7 7  1 his remark applies also to potential inversion -Ai $ +Ai at both the positions, 
i ’ i z . ,  9.2 liv. and 11 1 ~ ~ 7 .  on the iL.T. curve (cf. figure 3, curl-e 111) and 9.2 kl-. 
only on the curve. It is also significant that  these inversion potentials remain 
constant under a 1-ariety of conditions corresponding to tables 2 to 8. 

The circumstance that the a h v e  results were obtained under vacuum junction 
detertion has interest, since ,Joshi (G)  observed the positive effect in iodine n-ith a 
selective detector like an oxide rectifier and failed to  do so with a T-aciium junc- 
tion, using “normal” discharge. .Joshi ( ( 5 .  10) has also emphasized the importance 
of the nature of the detector as a determinant of Ai.  This factor has now been 
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investigated, using a diode and a triode (worked for anode-bend rectification) 
introduced in both the loIv-tension and the aerial circuits for the ‘*\vall” dis- 
charge. The results n-ith the diode shox that whilst the negative Joshi effect 
diminishes (numerically) from - 27 to - 1 G  as the potential increases progres- 
sively from 8 to 13.4 k., that in i~,er i : t I  is sensibly larger, about 43 per cent at 
the lo\\-est 1’ = 8 l x .  This is to  he anticipated, since i:,rrinl  is richer in high fre- 
quencies than that in the low-tension line. h s  the potential is increased, hon-ever, 
per cent Ai decreases (niimerically) rapidly and inverts t o  the positiiic .Josh 
effect. The triode records much larger (numerically) -per cent Ai ,  ciz., 58 per 
vent i\-hich decreases with the potential. The dependence of Ai on the nature of 

APPLI€D POTENTIAL LV. C.r.tn s.\ - 
FIG. 3. Relative Joshi effect (per cent Ai) in ~ L T .  and iaerlri under “normnl” and “wall- 

influenced” discharges 

the detector is brought out in the last vertical column in table 2, which * :I 1o\vs 
only a negative .Joshi effect in iarrinl  eI-en a t  large potential, xhere + A i  11-as 
noted with a vacuum junction and a diode; the discharge was s‘n-all influenced” 
in all these eases. It may be noted here that the in\-ersion potential observed in 
incritil with the diode is the same, zis . ,  9.2 I<\*. obtained under T-amum junction 
detection. 

The  influence of a aerial resistance or of a by-pass capacitance is simplest for 
current in the aerial line, even in a ‘*Ivall” discharge. The above factors but  
diminish the iu and i L ;  the corresponding relative Joshi effect per cent A i ,  both 
poeitive and negative (qf. tables 5 ,  G in par t ) ,  is not affected sensihly. However, 
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in it T , compared \\-ith the bhnormal” ciiicharge, the influence of the resi3tive 
: ~ n d  reactive inipeclmce. is more comple\ under the ’.I! all” di3rharge. Thi3 1.j 

chiefly due t o  the circumstance that :It Iaige potential a reversal occurs from i~ 
negative to  a pohitive .Joslii dfect. I n  the lo~ver potential range, \\here only thr  
negative effect (-1~) oc(ur*, the 1nfluenc~e of R i? to  decrease -per cent A i  
numerically. :is ohserved ~ i i  ‘normal” di-cbhaige. .i comparison of data in table5 
3 and 4 u i t h  those in table 1 4 i u v  *, lionever, that  this inhibitive effect of thc 
serial R at 1011 potential is les- pronounced than that observed in “normal” 
discharge. I t  i. fount1 that the  all" discharge differs from the ”normal” onr 
chiefly in the general result that  the former yields the positive .Jobhi effect at  
large enough potential. Studies were therefore made of the influence of both 
the resistive and the c apacitative impedances, especially in this region of large 
potential, characteristic of + A L .  Tables 3 and 3 ,  in part, record results for thc 
influence of a qerial R on current in the lox-tension line. It is seen that  the p o ~ i -  
tive .Joshi effect observed at large potential under “Tvall” discharge i4 eliminated 
by introducing R. I t  is suggested tentatively that in a “wall” discharge, a t  largr 
applied potentials, the1 e are produced besides the high frequencies, v-hich ai(’ 
the chief seat of the negative effect. -& (8, l l ) ,  a group of greater high fre- 
quencies in which latter the positive Jwhi  effect occurs and that both the neg:t- 
tive and poqitive li oc*cur -imultaneously in these moderate high frequencic3 
and the supei- high f i  ecpeiicip*T respecti\-ely. The introduction in the path oi 
the discharge current trf the resistance f< *lippresses preferentially the supc.1. 
high freqiiencie. nnd TlierefolT eliminate3 the corresponding associated positii c‘ 
eff evt. It follon h, thcrriore, that at any rate in a “wall” discharge, ov ing t o  tlic. 
c~opi*oductiun of the moderate and the .iiper high frequencies and therefore of 
tlie :lssociatctl -& :1nct t l z ,  one observes the resultant; thih last is smal1r.r 
inumcrically) than tlir larger of the +A? and -Ai produced together. If the 
*uper high f i  equenvie- [and therefore the associated + Az) are eliminated, s i r .  

by suppiewon u i t h  the resistance R ,  the negative effecat (-11) non left o ~ ~ r  
IS :tnticipatcd t o  be largrr than that ohserved in the absence of R.  This ha* hern 
artiially noticed. ‘rhus, e.g . in the ahsencse of R,  over 11 2-13.4 1 ~ 7 -  , the e f t ’ c~  
-per cent Ai i. : h i i t  2 ((if. rolumn ‘3, table I ), as againyt 10 per vent with 5000 !! 
(column 9, lahle 3 ) .  The a t ~ n  tleduction is iurther supported by &ita in coliimii- 
ti-9 of table 3 ,  11 hich die\\ that excitation at  O . ( j  Iiv. gi\ es a positive .Joshi efiert 
of +4.2 per (wit in the :ibsenw of Ii Hy int~rasing R from 500 to 23,000 R 211 

the conbtant 0 t i  lii ., tlic ( f l o c +  obsen et1 incareases (iiunicrically) from -3 pc’r 
rent to  - 12 pel rent. It m‘iy also he nicritioned that the -imultnncous orour- 
rence oi &A2 a t  different plixhe pobition- in tlic tliwharge Currrnt has been (11)- 

ken-ed 11y .Josh1 i n  rhlolinr undP i  semi-ozoiiizcr rwitation (1:3 ) .  

Introducation o f  a i~y-pni.: (~npac~i i \~ (0.1 p fsracl. C’ in figure 1) ivhich \ l ioi~l t l  
filter off tlic wper high i i  equencic~ and tlierciorc. on the abol-e ,uggestion, the 
+l~, should gi\ c ;I nunicricdly cnlinnced -per c m t  Az The reiults in column. 
1-3 oi t a b k  (j h l i o n  that thi-  is -L )  in  zl, . ‘The combined eficrt ot a serial YP- 
sistance R and n hy-pusi c:tp:rcity ( ’  -hould be to pliminatp more caompletely 
the super high frequenciei: anti so +Az, thereby yielding greater -Az. The data 

. .  
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in table 7, shon-ing the comparatively largest -per cent Ai, are in full accord 
x i th  the above deductions. 

Results of experiments returned in table 8 give further support to the hypothe- 
sis that  super high frequencies mag’ be a seat of the positive Joshi effect. From 
general results illustrated by table 1,  two potentials 8.5 and 9.6 kv., n-hich 
produced respectively n negative and a positive .Joshi effect, v-ere chosen. ,It 
the former potential, in the absence of R ,  -per cent Ai is 4 i . l  owing t o  moderate 
high frequencies. Siipprc’ssion of these last by R = 500 R reduces the ahore --per 
vent Ai t o  44.3; a condenser C’ (0.1 p farad) across R by-passrs the motlcratc 
high frequencies. rrith thc resiilt that -per cent Ai is 4G.7, TI-hich i?  alnioit 
rr.stoixtion to  tlic initial \ d u e  iii the al)senc*c) of R .  Similarly, con\-ei..?iun of a 
positive ,Joshi effcct at 9.6 I<\.. t o  the negati1.e ,To& effect by the serial r&tanw 
I<, and its reprotlwtion tlue to  the a h o \ ~  contlcnser (C’ in figure 1 ’!. siihst:iiitiates 
thc proposrd mechanism for the protlucLtion of the positi\-c effect. It may he 
cmphnsized that ,  as obseri-et1 in both the lo\\--tension and the acrid lines, the 
111.0 ini-ersion potentials in the former and only one in thc latter rcn~aiii iinnl- 
i ( ’ i ~ ~ 1  despite the introduction of 1: wnd C’ (see figure 1). 

7 ‘ 1 1 ( 3  following cqnniion for the instantaneous ozonizer current, t ,  is tlue to Joshi 
i 13): 

T -  
I 

(1) 1 I 
2 =  

j m  + $Vf + 1 
It, + J(r , i : , r  

\\ 1ici.c L j  represents the equiwlent of the components of the  tliwhnrge frequenc.y 
ini~liitling that of the L ( < .  ‘upply and its hai-monics. R, i. the ini-erv oi the (‘on- 
chictivity prodiiccd in the g:i+ ab LI rewlt of ionization :it an  applied poten t id  
I-. (‘$, is the mpacsity of the anniilar spacc occwpied hy the gas. anti Cr,, 12 the com- 
1)inctI capacity tlnc to the inner and oiitei‘ electrode+ of the ozonizer, +)\\ 11 11.1- 

m t l  Cz, respectii.ely (C’!, = (‘I.(’? (‘1 + (‘2’). 

T’ in the (lark ant1 in light is the haine. The ncgati\-(5 .Jo*hi ef fect  oi’ik’ ’ 1n:i t r - 
thci.t.foi*e from n clccreasc of the condurtion current 1 A’g i)r and of PI, arid (‘,,. 
1 Iic po4ti\.e eftecat may be nsiociatcd n-ith an incwue of the atxn e qi1antitic.s 
untlci, light ,Josh ( 1  2 ,  13) has post&tecl that a tmuntlai.y layer. tlcri\wi In 
p i i  t from an ndwiption of the ion< :incl rnolcciilcs from the discharge sp:ic*e. I-  

thcl wit  of thc clffevt F & Irratliat i o n  rekticei electron\ from this houndnrj. 
laycr These electron- are cq:ipturcd hy chlorine (:itom+ eywi:dly, I\ h o v  electron 
affinity i‘ enhancwl diie t o  twitation) to form the  $1oi\ moving negati\*e ions 
112) Thit  slio~ild imluc*c the conduction c~irrent I I?,  in equation I a i d  lend to 
thc ncgntire cffcc~ -Az. .Jo-lii (12, 13) con-idcrs that --Ai might also originate 

J qxiw c~liaigt~ cffevt, t l w  t o  thc :\cwmulatioii of negati\.e ion-. i i w r  the 
(momentary) cathode. The increase in the relative surface 11y introducing the 
~ J O V  tlci*ccl I\ d l  material -1ioiilcl e n h a n c ~  thr photuclect ric cmih-.iori f rom the 
1)oiindary layer and therefore the effect - 12, as obqerwd. The other charncter- 
i-tic of the **I\ :ill” tli~chargc-iinniel~-, the production of thr  positir-e effect 

r .  
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(+Ai! at  large potential-may possibly hc due to  the emission under light of 
the positive ions. or antl to  the circumstance that larger potential reduces 
thc probability of electron capture i k  (14),  so that a certain proportion of 
the photoelectrons released from the boundary layer antl of those prodiicecl 
by them hy collision x i t h  neutral particles by motion during free paths rearh 
the electrodr. The general result of a preferential association of f l i  with thr  
high-frequency components of the discharge current r e q u i i ~ ~  iurther in\-cs- 
tigation. 

s r i r ~ ~ ~ i ~  

The .Joshi effect ( F ~ z ’ )  in 170 mm. rhlorine has 1)een +tuclic(l in a motlifirtl 
Siemens tube in ivhich the ionization spact’ c~)uld he filled ivith and emptied of 
pon-tlered glass, the discharge being ~ x a l l  influenced” and ,‘normal,” respec- 
tively. K i t h  both of these, clue to  8-14 l a - .  of 50 cycles frequency, in the dark 
and in light, ciirrent 2’ \vas observed in the aerial and the lo\v-tension lines. 
vacuum junction, a diode, and :L triode ivere used as ciirrent indicators. In  “nor- 
mal” discharge ohmic resistanw 12 i.ecIiic~~s -per cent Ai = 1001i ‘iD, owing t o  
slippression of high frequenries, in \vliich - A i  predoniin:itt,s. -per rent li in 
Lr,:,~ > in iIa.T.. 

+Ai owiirs a t  9.2 ICY. and 11 1 ~ 1 ~ .  

111 I ~ . ~ .  . i m t l  only :it 9.2 IC\-. in i,lc,Ti;ll.  ‘I’lie in\-ersion is entirely potential-re\.ei.siblc. 
Serial 11 and Iiy-pass c>apacity (” i ,cdiicc (numerically) - pci’ ccnt Ai at low po- 
trntial. .kt large potential, \\.hei.c +Ai o(*ciirs, h t h  thwc pai~:meters protliicc :I 
marl i~d  -per cent Ai. It is suggested that the positive off’ccat occurs in super 
high frequencies, simultaneously with ncgaticc effect (the latter being associated 
\vith moderate high frequencies). lT3h -per cent, Ai produced at large poten- 
tial with a serial R ,  a capacity parallel to 11, providing an alternative path t o  
the super high frequencies suppressed 11)- 11, should restore the positive effect. 
This has been observed. The generality of‘ these resiilts is in ncc*ord i\-ith -Joshi’s 
theory of the surface origin of this phenomenon. 

TTndcr “ivall” tlischnrge ;in in\.cwioii -Ai . .  

In conclusion, the author uisheb t o  record his gratelul thanks to  Proi. S. S. 
,Joshi, D.Sc. (London), F.R.I.C., F.S.I., IIcad of the 1)cpaitmrnt of Chemi-try. 
Benares Hindu I-ni\ ersity, for biiggesting the problem anti for his kind interc.+t 
and instructive ad\-ice during the in\-estigation. 
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C O ~ R L ) I S A ~ T I O S  C O M P O P J X  OF HOROS TRICHLORIDE. 1-1 

THE ST~TEMS PHOSGESC-BOROS TRICHLORIDE 
ASD PHOSGEXE-ROROX TRIFLCORIDE 

DOSALD RAT LIARTIS . 4 m  JOIIS  PHILIP FAI'ST 
-1-oges Choii i cu  1 Labai ator 11, T-nivei sit ij i~j I l l?  no? s ,  I'rbana. 111% nois 

IZcceived .I7ovember 10, 1948 

O x  er forty year> ago 13ttud (I) reported the existence of molecular compounds 
betn een phosgene arid aluminum chloride. Germann and Jersey (8) later re- 
ported that boron trifluoride and phosgene formed some compounds Iiut gave 
neither empirical formulas nor names for these conipounds. Thev pobtulated 
that boron trichloride also might be soluble in phosgene and form conipounds 
v i t h  i t .  

OTring t o  the similar electronic structures of aluminum chloride and the boron 
halides, it is logical t o  expect the latter to  form molecular compounds similar 
t o  those formed by aluminum chloride. The boron halides are known to  bc good 
acceptor molecules ant1 to  form many coordination compounds ( 2 ,  10, 13). 
With phosgene, it may be possible for either the oxygen or the chlorine atom t o  
act as a donor. Inasmuch as other molecules containing each of these atoms have 
been found t o  be donors t o  boron halides, it  seemed likely that  phosgene 11 ould 
form such compounds with both boron trichloride and boron trifluoride. 

I t  was of interest to  investigate the phosgene-boron trifluoride system also 
hecause Rroir-n, Schlesinger, and Burg ( 3 )  reported that phosgene and boron 
trifluoride did not coordinate at  temperatures as low as -120°C. 

The apparatus and procedure employed in these investigations h a w  been 
descrihecl in earlier publications (3, 4, 7 ,  11, 14) except for t n o  change>. Owing 
t o  the large amount of current required to  operate the necessary relays for the 
controls of the automatic fractionating column, the u-ire contact in the control 
manometer becomes fouled and the mercury smuts the walls of the manometer. 
w t h  the result that  the contact sometimes fails. Therefore, a vacuum-tube 
circuit with thyratron tulles' is used noTv to  operate the ielays which in  turn 

1 General Electric Thvra t ron  Tube S o  G-57, 


