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COAYIER 3

EFFECT OF ADRORFTION OF VAPOURS OF 7MW TLECTRICAL
CORDUCTIVITY OF SOME POLVINE STMICONDUCTORG ¢
APSORPTION AUD DESORPTION RINTTICS
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::’3;1 Intretuction

idzopption of gases changes the seniepnduetive propartion of
Both organie™® ang tnovgentc 10 golids, Adsorption of exygen
profuces & pmm%zmeé inoronan of senlconduction current &n phtho.

lmvmima& ﬁsm%zmc@m? 11,12 and c‘?ﬂ@m;)hyuam

Tunber of othor
gagas alsoy affect e mrmrt\. Mgom%ima of warious ganes ard
vopours cnhancss the ggme:iﬁa euntuetivity of p =enrotene 96 It
has boog @?ssaam that the conduetividy change 4 genevrplly rever-
asm@s* - one ean roturn to the initisl volue of conduetivity

stoply by desovbing the gasos o vaponrs.

Gray and "}arhym

have stufied In detail the ﬁeﬁ»ﬁmﬁueﬁivﬁ.ﬁy
chonpos durdng the adeorntion ond dosovrplion of osygen gas on axides
af eopper., nickel, nengonese and gine of extremely hipgh purity. They
have considered the firgt order, sectond.ordeor end oxpononiial
relotionsidps (dn/dt)=En, (Sn/dt)=En? and (dn/0t)=E oxp (wecm)
rospectively where m o the mupbor of adsorbod atoms ot time €y

% and € ave constants. Thess relationships have been dorived by
zony osuthors naiing direct moomrenents of the snount of gascs ndsorbod
Groy ob ez‘s.m hewe ghown thet the exponential plot 1n o bhobtiar ovoresl]
-&p@m&iﬁaﬁi@ for tho compiex order yrocops than for ong obeyling the
first order Lineticn, or o conbimotion of the sccond and first order
sroesnsos ot the initinl ond finel poriod of cdoprpiion rogpoctivaly.
Tr wsebing out the hineties, Gvey oné Dordy have asoused that the
messured condvetivity i elther proporitionsl to (m or to o,
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In eape of hydration of g:«mtzamsag et adenrption of goases
on B sce-meezm@g, it neo been observed thot the adgorption-tima
eurvon foliow the Foginshky-taldovichat 16427
5 #2lightly weiified forn. The derivetion of thin couation nogumes

ornonentlial ecustion in

that the rate of adsorplion (dn/d%) poscecases an activellon enerey
vhigh ineronsos linensly vith the somsunt () of the edeoorbed gas

or wopous

where for o particulaer ..gmaswe Aooxd ( ove constento. These
workers, uniiko that of Groy of @1%9 have shown with o good depvee

of zertainty that &t o conptant temporatare ond for lover porcontage
of gas or vopour adgorption, the roloflionghin Dotweon the conductivity

£~} gnd tho emount of gos or vapour odsorbed 4o given by"& 16,18

g () = 0y exp(km) - e

whove Oy ani 0 oro the speedfic conductivities before and efter
adgorption of m percent of gos or vepours £ is o eongtent,

However, sxperiments olanrly chow that there s o dirent
eorvelation batween the rete of adsorption of gsgos o vapours snd

the change in ssrlconducetion current. T4 is thorefore; necegunyy

to egenine this dorrelation 3&5 dateil Lo determine the nnst roascnable
and accurate correlation. A5 ithe rate of sdsorption of gegos or
vapours deponds on 1is prossure, the considerstion of foruel adnorp-

tion kinotles 15 incomplete without an oxanination of thoe preasure



dependence of the adsorption procens ord honce of tho conductivity

changgs

in tids chopters ve firot discuss how the conduetivity of
polyene seniconducters dopends on the preasure of thoe edsorbed
vepeurs and then orsoine tho volidity of the Dogingky - Zeldovieh

rolntion.

3.2 [Izpovinentel ond Tesults

8,842 gmim;ﬁéucﬁm of some polycnes ond the offect of sdsovpiien

of vapours on the sonleonduction curreni.

The offects of edzorption of mome vepours were stodied in the
ngusl oenner ag decerided dn the provious chopbor. The sendwich eell
vag tomperature eyeled ond in addition to that dry sitrogen gas was
sllowed to pons through the chomber o dosord any vopeuy of gan |
pigorbed by the somple pried to the experdoent, The eell vas then
kept at reom temperature (257%0) endl the cavrler gpos, G2y nitrogen,
wns pasoed through the voagent liquid which wes kept ot o cobotant
tamperoture to molniain o requived vepouy presmure. After a fow
monents ao the powder smmple started to adgerdb the wvapour from the
chambor-atnosphera, the current began to increase and atteined s
saturetion value after holf on hour opsroxtmetely. The enrrent
onhanconant imn by soveral ordors of mognitude in sonie cames. The
roesult of much o messupenont for othyl ccoeteto vepour wmdcerntlon in
vitenin A clcohol ia shown in Pig. 3.0. The curve {(b) of Fig. 3.1



FIg, 3,3 3 The change in dark current in o vitenin & elcohol
| powder coll hopt at 25°C with () edsorption and
(1) desorption of ethyl coetato wepouy et €35 m
prossure.
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s!mig the detrease in conductivity beek ¢o $ts Initial volus when
the chanber is flushed with dry nitrogen gas snd the vepour is
dosorbod from the eryotellilte surfaces. The arrow indlcstos the
tize whon ﬁa@r@tﬂ.@n w‘tarﬁs.. tueh adsorptiosn and ﬁes@?pﬁ@a kinetic
curves Tor vﬁ*‘é@m‘m & sootate, £ &@M’ﬁ.ear@tmnﬁlg nstacene and
mothiyl bixin for othyl acotate vepsur sdoorption are shown in

Piga. 3.@» Se8y respeetivelys 211 thogo eurves ghow eg@@ﬁ.@n’&
revorsibility of current on desorption of vopours. &Sizdlor curven
are ahtéimﬁ for toluene; bongone, ne-hoptane, othanol ond methanol
vepour adgorption elso. The maximel value of vurrent reached under
Mémzmiar experimontol eonditions, depends on the vapour progsure
of the reagent 14quld et 1ts tenneraturs srd 2los on the temporeluve
of the semple cell: time to posch this value dopends clwd on the
flow rate. Yo f:’es;{; the conpitivity of o partienlosr polyenc seni-
eonfuctor for different vapours. saturation currant volues webs tsa*zs:é
after sfsorption of vorious vapeurs at o fized particl vepcur prossure
with o constant flov rate and o conatent semple coll-temporature. The -
senoltivity as measured by 67; joy velues of the different polyene
somiconductors 4n sonduich eclls for edsorption of various vspours
are gommnrdzed In teblos 8.1 and 2.8, Appovently, the sonsitivity
depends on the chenicol noture of the cdsorbed soleculics.

Se2e2 Senieopduction as o function of vepour pressure

ve have studied iHo magnitude of the current inereaze at o
conobant smanle coll temporsture ns o fopelion of the perdiel
prosours of the vopours in tho chenber, %he temporeture of the

voogent 1iouid threugh which dry nitrogen goe was paoged and fed



-»1&1'- |

PiG. %.eu : The ohonge in éw& currant sm 143 VMM:; & xwe@ﬁate
O powler wall lmgﬁ*: 8t 2596 vAth (e) risorntion aord

{H) degorption of othyl acetate voptur at 42,0 o
Progonys.
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FIO. 3.8t The chmnge i davl current in o g -epo-8fecarotensl
powder coll kept at 95°%0 with (a) cdsorption snd (%)
desorption of othyl aeototes vapour ot 52,8 mn pressure.
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VIO, 3.@ t am chonige in ém&f mwmt in en astecene gmaﬁer
@w kept at 260 mm (s} odsorption end @:m
ﬁ@@mﬁaﬁ gthy:z, mat@m vapouy Mﬁ 7040 £
PEOSTD,
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FI0, 2.5 ¢ The change in dark cugdert in o methyl Mxin pouder
eell fent at 2870 with {a) eddorpiion and (B) desorption
of othyl asetete vepour at 86,0 tm-pressure.
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Table » 3.1

Tige in the dork current in viteniyn & (slochel ond seetate) powdoy

2alls et 12.6% due @ sdsorption of various vopsurs st the seme

nyegoure of @ ™.

Bialectrie
constand
ot 2%

Vogoup
ed sorbod

Iordrotion

potential®

{eV)

Tx

vﬁ,tmﬁn @‘

eicohol

O eitomin A

eeobate

Tolwens 2,99

Bengane

nthyl G000
- peotata -

- mﬁszgzﬁm :
Ethanol 04,80

Hothonol B8,E0

B85 (20%)

1423 (20°C)

B.04
10423
10,96
10,50

10,88

e 3 1@‘%
87 % 16°
845 x 107

*ﬁem@ ® »1@3

0 5 0%

4.8 x 10

4 .

1.5 % 1@@

2,2 2 0%

' 3«. ﬁﬁgcaﬁ _
Ee  Bof: 20 and )
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Toble « D2

Fise 4n the dovk current in the powder colis of soze polyenes

#t 18,5 due to adeorption of varioue vapours ot the game pressure

{p) for o mﬁﬁﬂmﬁm polyene

Capouy DoXostrie
o eorbed conatont

Tonirstion

notentinl
{eV)

fov

g n&gﬁfugg
eavotensl
b= L2 mm

éﬁﬁ&ﬁﬁﬁ& M‘aﬁhﬁ
p=60 s Mxin
p= 60 mm

Toluone .88
Bengone 2,28 (20Y)

hyl Go00
acstate :

neHeptene 1,95 (20°0)

Ethenol B30

Mothonol 2880

‘ﬁ:sﬁi
10,13
s
10,50

10,88

743
448
5402107
LW
5,0m10°

@nﬁxg.ﬂ@

1.8

a8

 2.8310°

2,0%10°

B.0110%

- -_-m

2,8

102307

1§Qﬁ3§ﬁ

82307
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into the conductivity chenbor was varied. At a constont flew vato,
the partiel preomupe of the resgent 1iguid wopour in the chanber
atmosphere was -gwmmmmi to the vapour preasare of the 1iquid
.at the tennevatore 4t wes kent. Tho stoady stote current (104
gaturation éurrent) was noted for diffevent vapour pressures. The
kinotics for the derk current enhanccouent fer different periisl
prassuresol othyl costate enblient vapour for witanin & alechol,
vitemin A seotato, P wano=RY «osrotonal , sotnoone snd nmothyl bixin
sorieonduetors ore shoun &n Figs, 9.6 -« 3:30 vespectively.

3.3 0e ":ag”-k?;&?;@

33+ gonsitivity of the semiconductors for various vopours

It £g scen fyom the tablos 3.1 end 2.2 that thore mey be e
rouph corrolation of the sansitieity of a gonicondueior with thw
tenization potential of the sdanrbed melecules tut none with their
ptatie dlelectric conatont, As regopds the correlation of conducs
tivity enhancenent with the ionization potential, the polyencs ean
bo divided ints two groups. In ono, nomely vitenin & almh@l and
aoetate Yho sonsitivity io woves the lower ig tho iopizatien noten-
tisl (Table 3.31) vwhile in the other, nsaely B =opo-Btecorobonaly
agtocene and nethyl bMxin, the sensitivity 4o nore the higher 4o
the ionization potential (teble 3,2). Indeod, charge-trensfer tyre
&2 interaction hes often heen %Mughﬁm’m to bo recponsilie for
the corduotlivity onhoneenont on gas o vepour adsorption.



Ca A3 -

FIC: 8.6 ¢ Tho change in dark current in o 9iteain & aleohel
poster esll hept ab 26%C aftor ofecrption of ethnyl
seetats vanour ob Gifferont prossaros. '
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Tho changs 4n dapl corrent in o vitomin A acotade
nonder coll kopt af 259 after zdsorption of ethyl
secotnte vaponr at A Llevont nPssaures.
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FIG. 348 ¢ Tho chaoge in dark eurrent in s g wnposdteoarotenst
| powdor cell kopt ot 265 nfter adsorption of othyl
atetate vapour at ALflcvent oroscurom.
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Pil. 848 § Zhe chonge in darh current n &b sstocone powder egll
kopt ot 259 after adserption of othyl acetatc wapour
ot A1fferont prossutens. |
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FIG. 2,20 @ The chenge in davk curvent in o pothyl bixin powder
eell kept at 95°C after sdporption of cthyl ocotate
vapour at difforont nresmures,
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243.2 Depondence of the conductivity on vepouy nressurg

The rise in comduotivity of the polyene gozlcontuetors wag
stufiled at » constant sanple temperature ( 257 as & funetion of
partfel pressure of othyl ecetote vapsur, |

It is gesumed that 'm' deponds on the pertial prosmive (p) of
the resgent 1iaquid end in the initial ported, olse on the time of
exposuro. After come time, hovever, an equilibdum fs mobabliched.
Thus we aseume®® thet 4n the fhiticl region

-ty = 4Oy o
vhere 0C(4) 4o o fonction of time, | -
M equilibeiun,

o = Qop | {88

where @, row becones independant of time. This 19 expectod from
Langnuist s’gﬁ adoorption 4sotherm, vhen & omall fraction of the enrface -
is eoversd by the gas o ¥Yapour aclecules. Cenbining (2.2) and (2,2 o

wo got , -
prd ot souilibriun for ‘(:’5\.#33 . | |
A ) = 0y ep (% Qob) S ¢S

A plot of log o (my) o logerithns of paturation enrrent woe  the



wapour pressire (b ) ab equilibriun £g expected from (5.0} to ke
1linoar,

73::3 Tigs. S.13 ond 5.32 we show gorh g&éw of loporithn of

tho z;éimmi:i@ current versus vapour pressure (b)) at enuillibrion
for othyl acetate adsorption on the varisus polyene semicenductevs.
Pairly good strelght lines ave obteived (Figs. 2,11 and 3,12 The
slopa of these curves { o(€, § 19 o meamure of the strength of
intersetion between the vapony molecnles and the 5@3&@@&&%&3;
Thesa 14near plots prove the applieability of the Lanpmulr sdsorption

1 cothorn for snell fraction of surface eoversge in thess cases of
| vagaam adnorption on polyene erysteiliten,

2.2.2 pdgorption kinetles

- ¥e have ezonined 4f the sdsovrption kineties follow the RBopingdiy-
7cldavieh countion. '

Intograting couation {3.1), we gob,

™) = EPI Lg (b +ko) + Comsbaat | (3.7

Fron equations (3,2) and (3.7) ,
boy o5 = i{—-\%l— e (% +%o) + Comskamb £5.8)
J G/* P 3 _
Thus, fronm any empirfesliy chosen Y, » o 1incar plot of elther Yog 0}
vo. log { L 4%, ) or logaritim of current wvo. Jogeriths of tme
15 suggested from equation (3,2). Fesults in Pigs. 3,18 = 3,17 for
vitanin A sleohol, vitavin 4 acetate, P -apoeSt-cerotensl, estacene
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FIG. D631 & Change dn the dsyk oouvrent of vitenin A folcehol and
stetate) powder colls st 25°C ns a funetion of the
veponr pregmre of othyl avetate.

The 14nes (1) end (2) correspond to vitemin A alcohol
(lef% scale) and vitardn A peotale {»izht soele)
respectively. | |
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FIG.2.12 5 Chonge in the darhk gurrent of /3 =anosRteparetonnl ,
aatocone and pethyl bigin powder eolls kept at 25°%
an o funetion of the vapeur prossure of othyl sccotate.
The ines X, P and 8 uet@émsgvmﬁ t0 I ~tino=5t «corotensy ,
astocene ord pethyl bdn vespsetively.
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FIG.5.38 ¢ Adoorption &zimtﬁ;&& date plotted according %o

NogindiyeZeldovieh omuation for vitenin A oleshol.
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Fi0.5:.34 1 pdporption Iinetics datn plotted acoording to
Roginalys-Zaldovich equation for vitenin & aselrte.
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FIC.2:18 1 Adzorptior Minctios dets plotted according to
Roginaky-Yaldovich emuation for /5 «apoeSleparatenal .
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. TIG.3.16 : Adsorption kinetics dats plotted mocording %o
Roginabyv-Zoldovich equation for aatacens,
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FI0,.8:37 @+ Admorption Hinetids data plotted secording o
Hoglosity-Zaldovich couation far snethyl bixtn,
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and pothyl bzin respestively ave 4n good egrocment with this. In

tho 1nitlal region, different slopes cbaerved ot different vapour
pressures ghow the vapour presstresdependence of p {einee L i
PIESIULD mﬂag)@m@th The higher the partial vopour progeure, the
larger 45 the slope. Thisg Justificos the assunption nade in mmmim
(3:.3) end shown an inverse yolationghiy tefwesn t:a B e A5 we
ore um‘!ﬁ,e to sgtinmets 2 mmeriesl volue of « fmm this ﬁzgzﬁﬁ&mt,
wo eon nol evaluate the mumeriesdl walue of B fren the mensured clopes.
Lowever, we have ostincted the wvalues of P/« (z (s’ ) from the .mtttxms
to cee 1ts presware dependence. .m ta¥le -3*;3' vabiation of (%' with
vapoupr pressure 1o zhouni.

Z+8+4 Derporption Idneties

Eeuation (3,1} ls valld for the rate of sdsorption, Olince
dasoTption 1s & reverase process of adsovption, cxproscion for the
rote of degorption cen be weitten in o similor form with o posttive
sign in the exponent L.0., by .

- dm = ‘“") (8,97
= = A ax‘;( | -

Bers ,%*rm 15 tho netivation energy for desorption. In the measure-
ment of doserption, the esperinental condition ic oo arrenged thad
there 49 no re-pdsodption. The plots of logaritin of current vga
2opsrithn of tiue for e’%esﬁrmgm of othyl acotete vopour fron vitondin 2
aleéhmz, vitenin & avetate, p ~apmﬁ'»emt@mﬁ.g notacene and mﬁ,y?
bixin crrstelliites ere shown in Figeo. ﬁgla - 308 reazxeetively.,



. 208 -

Pable « 3.3

, ' / | .
Vepour prassurs dependence of the factor B for sthyl acetate

vapour adsorption kinetlics.

Polyenas Vepour pressure (am) }5' {av}
31,0 1,202 x 10°F
Vitemtn A 8540 1,005 x 107
alechol 3745 0,830 = 10°°
| 4%.8 0,759 x 1072

805 0,648 x 10°2

5140 0,819 x 1O™C
Vitaain 4 8547 09,758 x 302
. neetate 417 0,650 x 1077
48,2 04601 x 1072
552 0,518 x 202

econtd.



- &%a

Table = 3.3 (Gmtﬂn)

Polyenes Vépour pressure (mm) [5/.(@‘?)
5005 1,626 x 1072
b =aposdte 5442 1.246 % 1072
Carotenal 5740 04954 x 1072
5945 0,718 x 20™°
62.8 0565 x 10°¢
5.8 8,973 x 107
fotacene 4G40 2,562 x 10°°
610 14482 x 1072
7040 1.168 x 10°°
4.0 0,951 x 10°%
8440 5:734 x 1077
Methyl 5240 4,231 x 107
bizin 610 2,526 x 10°2
700 1,638 x 1070
86,0 1.099 x 10°%




FIGs 938 ¢ Desorpiion inotics duta plotted according Lo
Bogingky « Zeldavich equation for vitesin & sloohol.

i
4



DARK CURRE NT Camp)

!

i

TN EEE

P

10
TIME (min)

FIG. 318

20

30

100



- 186 -

¥i.2.32 3 Dossopbtlon inetios dste plotied aceording o

-

Hogingiy-Zeltoiicn anuation for vitenin & apstete,
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TiG. 220 8 i&&mmﬁim 351::»@@@_@» data plotted ancording o
Roginsky-Toldovich omeation for P ~epo-Btmcarotensl,
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PIG.3.81 1 Desorption kinetics dste pletted ascording to
' Rogingly « Zoldovich emuation for astacene.
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FiG.3.28 @ Dogorption kinctics datn plotted accarding to
Bopindsy-Zfoldovich cqustion for methyl dizin.
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In teble 34, we presont the ewperimentel volues of [.5*, (= P*/ °<)
ohiained fron thene pilots for othyl acetate wapour éémrptzm fron
d1ffovent polveno cryotellites. As ke thatp , £ also decreoses
with increasing vapouy pressure., 7For any particuiar pressure of
aoblont wapsur, (a" ig lerger then p .

Thoro are number of difforent '{maﬁmﬁ%@? for the Bogingkys
Zoldovich equetion. 2 sinple tm stacoenrocess pfter Tley and :&arslmm
op chown in Fig. 2.827% soons ooite catipfmetory to sccount for the
experimental obzorvations. In the Pirst stage, o mobile van doy
Yarls adesorption on the orystsl asurface gives s Lennaml-Jenow notentis)
onorgy curve vhilech 4 asswned to depend on thoe fraction of murfoce
covorane. Thic stage 1o folloved by o yatosdetercining transition
over o potontial oncrgy barrier to the final stage of afmorption
forning weskly bound somplezes botween the vapour nmolecules and the
yslyons eryotalidites. The barrier is forned by the intorsection of
the two potential curves. Az more Vapsur molecules got phypieally
edsorbed (van der Waesls), a repulpive interaction between the dipoles
will roise the potontic) energy curve for the first stape theraby
lovering the barrier hoight piving decrensing activotion encrgy
of adgorption with incressing vapour prassurs, As the surface
eovarepe of the sccond stage riges, this potenticl eurve slso
rises resnlting irn lowering of dasorption sotivetion energy with
incrensing procoure, Tha rdee 6f the seoond elegs curve is such %ﬂz&
the nindmum of this enpve 45 elusys at lovey onergy than the minimum
of the first atego, the enerpy differconce btotwaon these Hwo nminine
decranging vith increcsing vapour pressure.,
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: %
Vapour presszure dependence of the footor (3 / oy
ethyl acetate vapour desorption kinetios.

Polyenes Vapour pressuve {mm) f (a7

3149 ‘ 2,304 % 102
Vitemin & 5640 1,847 x 1078
‘eleohol . 875 1,492 x 1072
43.5 24201 x 20°F
5045 0,798 x 10°2
5L 1468 x 3070
Vitentn & 5.7 24151 x 107
ecetate L 4ke? 1,028 x 1072
48,2  0.892 z 207°
552 0.648 x 102

eontd,



v

- Table » Bgd {oontd aﬁ

Folyenes Vapour prescure (zm) A (e

i

80,8 B.021 % 1072
5442 1,910 = 10°°
p ~apo-Elecarotenal 5740 | 1.322 x 1@"‘"?
5.8 o 1,015 = 3072
62,8 0.808 x 10~7

8.8 ﬁa?ﬁﬁ z 0™

46,0 4,591 % 3077

Astezene 6140 1700 = 102
0.0 1,280 % 1077

84,0 0,962 ¥ "7

4.0 | 8,912 x 107"
52.0 5,57 x 1077
Hothyl Main | 62.0 4,322 x 1072
7040 2236 x 1070
86,0 10421 x 2077
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TIGs 223 1 Potontial enorgy curvos for vapour admarption in

two stages in polyenes, oxpleining medified
foginshy«Zoldovich plats. E’g ¢ ”’*‘g and 2?2 ara

antivation ensrglies of desorption in order of
increseing pressave. Similavly B 5 ore aetivation
onergles for adsorption.
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Hore p'*m s the activetion snergy for ﬁamrptién should,
apart from a mell entropy foolor, be gounl o the vapsur-ourfece
moloculay gbmélem In table 3.4, we heve shown the szperisental
valuss of _/5*’ . mfe?-maﬁﬂ? noither onr experinents give any
mrerical value of « 4 nor wo have besn able o mensure n, the
- amount of vapouy aﬁeﬁr‘%ﬁrg Any yeliablo ostinnte of the binding
energy of varicun vepours with different polyenes has therefove,
z‘s@t’ boon masibie. In case of hydration of profolng, m:smhargﬁg
estinated « ~ £:6. & siniler valne of « for these cases aof vapoup
decorption fron polyens orystallites, the veiun of binding oncrgy
sre ~ 10°T oV per umit of 'n’ desorbed. This low value of the
binding energy acecunte for cacy snd efficient dosorption of thase
vopours fyom the polyene erystala, '

S:4 Conelusion

The adsorption of ¥spours enhonces the sexdeonduotivity of
tho pelyenes appreciabily, This enhanessent depends on ihe cheniesl
neture snd nlso on the pressure of the adsorbed vapsurs The sdsorption
and Jesorption kinotics follow the modificd Ropinsky-Zeldovich reletion.
A tuyo stege adsorption procoss, the first stege of which gives a
Lornard - Jones zz&tani;iai enorgy curve and ia folloved by o rotow
datepnining transition over a polentinl ouargy berrier to the pecond
state of adeorption forning weakly bound eomplomes betwoen the vapour
nologules ond the g@i&ymg éryatalliten, con explein satisfectorily
the éﬁpeﬁmmmﬂ;l? oboerved kinetics Gata. |
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