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CHAPTER I

THE NATURE OF THE PROBLEM

In pecent years aonsiderable'iﬁterest hag been a-
roused in the chemical oseillometer as an analytieal tool.
To the chemist cager for methods which wiil improve and
expidive his knowledge of the various substance coneentration
in homogenous &eluxians; thig type instrument has become
of increasing impert&nae;' | | |

Since.tha.awtiéls by Jensen and Parvack (1946) de-
seribing an inductivély’éeupled instrument operating at high
frequeﬁay; nany de#elépmenta and uses have been made of
this type instrument. The E.H, Sargent Co. (1957) has an
excellent review of the work whiah hag been done to date
with references. The fields of endeavour have ingluded |
titratiena;>examinatien of binary aolutiena; applications |
to chremetagvayhy; and the gtudy of comploxes. Hawever; | —
one of the most valuable uses for this type inatrument;
yet one which has received relatively litile atﬁentien;
is the gtudy of reaction rates in homogenous golutions.

| Crystallization velocity and precipitation veloeity
were gtudied by Asada (195&); and Duka; Baavar;‘and Diehl
{19@9)sﬁudied the rate of precipitation of Barium Sulphate
from Barium Acetate. |
% Jensen; Wataan; and Beckham {1951) used a high
frequency apparatus to follow the saponification reaction



of etvhyl acetate, Flom and Elving fl?Sé) were success-
ful in applying thig method to the rate of hydrolysis of
lower aliphatic ssters. . | , S

All of the publiﬁheé kinetie ‘gtudies uaimg this |
type instrument have been done ia_aguecus.solntian in which
the principle instrumental effect is conductimetric. To
the best of the writer's knowledge no kinetic studies have
been made to date uti;iging tha}ﬁinary;$¢1uﬁian method of
analyais‘wheréin the ingtrumental effect is essentially
- capacitative. |

1% ig the purﬁa&e ef Lhis investigation %0 determine
thé_feasgbilgby of using a 120 megacyele oscillometer for
kinetle studies in non-agueous solutions by studying the
reaction rave of the base ecatalyzed esterification of acetic
anhydride. |



CHAPTER II

A DESCRIPTION OF THE INSTRUMENT
AND PRINCIPLES OF OPERATION

The high frequency oscillometer used in this lnvesti~
gation is a eayacitatively aaupledﬁ heterodyne type. ef ine
gtrument, operating in the laO‘megagycle range. A complete
electroniec description of the instrument may be found in
the Master's Thesis (19”7) by John Clinkscales who built
the inatrument,

| Essenbially, tha ingtrument is ¢omposed of two

geparate cseillators9 nmechanically shielded from cach oLher, }44444
and isolated by two ildentleal electrical buffer gystems. As §
a part of the eiréuit in one c3¢illat¢r; called the working - ?
eirauit; is included the ¢ell which contains the sample
to be studied. The frequency of the working eircuit is
determined by the conducting and (or) dielectric properties !
of the gample. The frequency of the second qsaillaﬁing |
aiwauit; called the reference Qirsuit; is adjusted by means ;
of two parallel condensers in the cireuit. As the two os~ :
cillators approach the same fr@quenay; & heterodyne or
resonant beat frequency will be heard. This is a null or
zero beat when the twe frequencles are exactly the same. The }
beat is fed through an amglifie@; into an audio stage; and |
picked up by means af earphones.

In practiceg the aell gontalning the sample is placed



- in thavee;l‘holder; which is part of the working eircuit.
The condensers in the reference eircuit are then adjusted
to mateh the frequencies @f_ﬁhg'ﬁwaairaniﬁa;,and a gero
beat is heard. This.reading'énlthe'eondanserv$yﬁtem‘éial
@@ﬁ&tituteﬁ‘the ihiﬁial'reading‘and is regorded. As the
dielectric or cendunting properties of the aample sh&nge$ .
the frequency of the working eircult is changed, and the
‘veferenge eirouit adjusted to again produce a zero beatg
thug giving a new seale reading. }By_this"mﬁthﬁd it 1s pos~
gible to follow the course of maﬁijﬁﬁﬁﬁiéﬂs; the type of
resction determining the number and frequency of readings
whieh must be obtained. |

The ingtrument exhibita gmod stability after an init»
ial warm-up peried of two hours. "Drift®, af'ter this parioﬁ,
i&_ve?y‘alight;,and can be e;iminaf$¢;¢amp1eta1y.fxam in-
terfering with experimental results by maintaining a second
cell with a standard sample for retuning the instrument
periodically ﬂuring’ﬁhe“eeuwaa'ﬁf 8. given experiment.

The influence of external capacitance upon the
werking elreult ds signifioant, parti¢u1ar1y body capacl=
vence. This protlem may produse erratie results unless the
Qpe@atér’detexmineﬁ where he may gafély toueh the insgtrus
menﬁ; and what is the best position with veferense to the
instrument for operation. With,experiene@; thisafaétar is
easily eontrolled. L S |

A minimum of one hundred ml must be used in the sample
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eell. It is so constructed that a ground ring is included
at this level in the cell holder. With the ground ring in
plaaa; a shift in frequency is ngerved-asltheﬁ@@lltiglfilled
with sample;;énly up to the ninety ml mafk@» Above this
ring there is no change in firequency with ingreasad‘volmme»
If & minimum of one hundred ml is used at the start of
every experinent, the shift invfreéuenayfis'due to a change
in the composition of the sam@le;-and»nat.ta a ahangaain
physieal capacitancge. -

The National dial used as a saale on the variable
condenger system in the reference gireult can be read bo
three places direet;y;,agd astim@ted; in thaHépiaiQn of —
this investigatar; to plus QP'miﬁu$”9»95v&iViﬁiﬁnﬁgv Thig 1s
also the amount the dial can be moved without affecting the
signal. The pﬁé@i$ien ubﬁain&ble»i$‘plu$ or minus 0.166%
over a ddal range of thirty units,

In general, the insﬁrument exhibits good atab&lity, i
but careful operation is essential to good results. “The 3
ingtrument shouxd not be jarred ar'mav&d~dmring‘thé éoarae |
of an experiment, as this will change the fraquancy of the
- working elreuit.



CHAPTER IIX

THEORBTICAL CONSIDERATIONS FOR
HIGH FREQUENCY OSCILLOMETERS

Since the high fre@uangy‘¢éci1l@metar‘is a relatively

new ingtrument in ehemical &n&lyﬁia; the pertinent theory
relative to the oper&ti@ﬁ*éf such an ingtyument is of ine
te&eﬁtg The fellawing.prasantaﬁien is a compilation of the
many theoretical interpretations which have been made gon=
verning the operation of such an instryment.

Two types of osgeillometrie instruments are kn&%n; the
type dependent upon the mode of goupling the sample to the —
oscillating cireult. If the sample is placed in the field /”T
of the plate ¢oil, it is inductively coupled, and,if_ax@esedij ]
to the electrostatic field of the condenser, it is capa=
civatively coupled. Since the instrument used in the |
present $nvéstig§%ianyiﬁ the latter tyye; it is this type
which will here be discussed. o | |

. A&vdaaaribed.in&~§rav1@u$ ¢ha§tex;,tha frequeney of |
the oselllating eireuit containing the sample eell is
dependent upon the navure of the sample in the cell, It is
not the purpose of this thesis to present a dat&il&é}dis%
sussion of this frequency dependence. Falkenberg (1955)
has an exeellent treatment of the frequency depandénaa of
gonductivity and diaiaﬁﬁxi@'a§natant; while Debye (1929)
presents & detailed analysis of both the elegtrophoretic

and the time af‘rel&x&tion effeots.



= cases, include a reéisﬁiﬁé'effaet, the measured change in

7
Esaentially, iﬁ may'be aaid that the addition of a
sampla produces an inerease in aapaeitanee whieh re&ults in
  :& deéraaae in the fraquenay af the eirauit in aaeardanea ,
with tha rel&tianshipp "‘ | o |
£ 1/ szmm)% — i )y
where £ is the frequeﬁay, L the induﬁtanae af %he Gircuita
and. G, the tatal serm@a gapauitanae; In order to mateh thei
vfrequanciea of the sample asaillatar wimh the refarenea
aseillator, the frequeney ef hh@ veference aiveuit is ad~
‘:.3u$ﬁad by ma&ﬂ&_&f a_va&iable gendenﬁer ﬁ?ﬁt@m@ Sin@e.thevf

 cirouits ave identical, L is agsﬁmed'ﬁé be the same in"bm%h |

' cirauits, and henee the saale read&ng §radueed by Lurnang the .

) ‘referenea aseillator may b@ congidered in teyms o£ sapas
Q;Qitanga undts. ﬁgwavexﬁ ginee the shange in frequency of

 the semple oseillator gannct in all cases be attributed to

the capaecitative effaﬁt of thef%&m?le; but must, in some

;f5the reference cireuit is noye praperly rveferred to as
 apparent eapacitande. |

The sample celil way be repreﬁent@d eleetria&lly as
a combination of eapacitences and vesistanges, .

¢ Cs
] 1

%_:
;:

Rt - ' Rg R). N
where Gl,Cg and Ry,Rp are the ¢apaaitaneas and xesistances

of the eell walls and Qﬁ,and By,the capacitance and




resistance of the sample liquid. R and Ry are of such
magaitude as to be infinite;,while Ry will depend upon the
conductivity of the sample. Ih dea1ing with electrolytie
aampleé; Rg 18 considered to be important. Hawever; with

most organie liquids vhe conductivity is low enough that ‘iw
the effeet of this shunting resistance ocan be neglected.

At preelsely which point, and in what organie liquids, Rg

ean safely be ignored is a problem worthy of further in

_‘vestigatlen¢ "_" . T ;
. v If the affeet of ohe Lhree shunﬁiﬁg resiﬁtances,

Rl Rg ,and Rgare naglectad the circuit may be considered

as, ¢,

K T g Cv."’
4 1 )j/ ] 1
1 F = —

or, sinee Gy and ngaxe fixéd'aagaciténcea of the eell wall,

a single geries equivalent may be used.
Cw Gy
— g F

The expression for the capaeitance{apparent) is then

- cW Cq /(cw+c$) . | | (2)
If the quantaty, G$ ,1& defined as |
Cg® Gy K , | (3)

where C, is the-capaaitange 6£ the area between the walls
in vacuum; and K is the dielectriec constant of the ﬁample;
then

C 2 Cy Co K /(Cy +Co K) « / (%)




If the cell is filled with aiy (Ka 1),
C =Gy C /(ewtzg) - (5)
Any reading predused in the aaala of the variable
condenser in the reference oseillator will be the difference
between the initial eapaeitanee; Ga; { if tuned-en alr |
a Z Oy CQ/(CW'+60) and the final capacitance, Cpy or
Cyp 3 Gy caii/ <cw+cf, K) = Cy Cof (Gy #Co)  (6)
where'cﬁ ia'agyar@nt eayamitanee or seale reading. |
| The quantities, Cy and C, , are constants of a
partieular c¢ell and may be caleulated in terms of scale
units, or, if the seale ia calibrated in capacitance units,.
in terms of eapaaitange units ag follows.
Consider | | " | 'i
slg_(cw Ca g;/ Cw +Cp K1)=(Cy Co/ Cy +0g) (7)
and R ‘ |
Bp2(Cy c;gzw cw +c: Kg)*»(c?, Oof Cy +c:,;,) (8)
where Sy and Sg are scale readings, and Kq and Ky are kuown
dielegtrics. Dividing equation (7) by equation (8) and

rearranging the form below is abtaineda

ce/c v.* Sl(Kz ) 1) (9)
Ql 14 s.zw 1 = Koboll 2&}_} .
hence ‘
Cy £ 8 .(,G@Qf;) * .K_-s__,(,cg/cv,,fz.)i (10)

Kl
ﬁy & gluilar method G4 may be evalnabed&
From the expression in equation (6), which may be
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reayranged to glve,

Cas Co (K=1) | ()
| Cof Cy (K(C@/CW-»I&} 4-1) +1‘ .

It is readily geen that the apparent capacivance reading of

the ingtrument is not a linear function of the dielectrie
constant of the sample. TFigure 1 is a gréyh of dieleetric
constant for variaus_xiquids p1gtted agalngt the scale
peadings. The iimiting value‘ié the value’af'cw; which
is dapandant upon the thaskness of the gell wallﬁg the

dialeehria of wall m&terxal, the distance between the plate&,

ote. This is veadily shown by the following equations.

Gy L, Gy Co K/ (Cy +0o K) = 0 (12)
Cylomsy

Zldm., G G K/(C 4Gy K) = (15)'
GaR&~+(m ' '

For aamples having appreeiabla eanduating properties,
the sam@&e rasistanaa, 33, mu&t be included. The eireuls

then h@eemes, [*w-~

Cw e,

or ag an equivalent series ecircuilt,

N
Cs Rs
By caleulating the bvotal impedance and separating this inte

real and imaginary components the following equatian is obw,ﬁw,?

tained.




| , 11
. Ro= Ry /IRAPCRr1) (14)
where Bg 1s the gffgétive ?ea;sban§§ of th@\sample; Cy ds
the éagaeitanﬁevﬁhi¢h mé¢1d hem§redu¢e& in the absence of
the @anduatiVa*effeat;gnﬁ'is proportional to the dlelectilo
ofsth&yaampla; and w is equal to R pi £. The e&?ﬁeé&iﬁﬁ for
the capacitance then has the fora, .
¢ = ‘»‘;ﬁ(nﬁ?wzc Re1)
Rg® Wl Cy Og +R£,,2 w2 cg ;

e
3
L

In terms of the ﬁialectria canﬁtant, X, fer any 3ample,
equaﬁian (153 haecm@sg : |
oty ( RRWRCGZER YY) (36)
| (R«?w«?c ¢, K)+(R£wzc2 Bre1 .
The £inal seale reading, CA; i& then the differance between
equation {16) and the quantity Gy a/@w +Cg) «

Various methods have been outlined for determining.
Ry dndependently, T@ege have ineluded using the gpecific
‘yesistance of the liquid sample and the cell geometry to
eaiﬁﬁlate Ré or lts measurement by high frequency impedance
bridges. smews; MANUAL OF CHEMICAL Qscmmmm‘x; (1957)
hag an 6ﬁ$}iﬁ@,gf'gavsral methods with mathematieal cal

culations presented.




&HAPTER IV
EX?EREMEN?AL ?RG@EBURE ,

N Mmemw m;* -sammms AND REAGENTS

The materdale used innths werk pfasanﬁeé in this ‘f.»,.;,

| thesls iuﬁiﬁdeé asetic anhyﬂrid&, sthyl aleahal, pyridine,
| acetle acid, and abhyl.aeetata preparad and purified as
indiuatea bal@wp_“v,» "';, L -
o Th@ aaatia anhydriﬁe wag Matheaan aa.’a 9@% reagemt,
v whieh was triply ﬁiatillaﬁ in g 120 % 2 em halix yaekeé
~ golumn. The a&t.aavigg_g_§a$ling.yaigt range of 13954140

 degress centigrade w&g"ﬁa&iﬁeé for use in the work. This

reagent had a density of l‘ta? 2074 gm&/ml.,

| txaaial &ﬁatie aeiﬁ of §9a7% camgeaitian was éiatillea‘

1 in the~h¢1ix e@lﬁmn, The fraesian used had & boiling point

- vange of 1&7,%*31$-5-ﬁ$gga§g @antxgraée, The density of thia,,'-

reagent was 1.050 20/ guaful,
The ethyl aéataﬁe ussd was reagent grade further

- purified by diatillati@n in the helix e@%umn» The fraatian
. retained for experimentel work had 2 votling point range
© of 76.9+77.2 degress centigrade and a density of 0,900 20/k

| ~ Absolute éthyi aleohol (100%) frem commercial source
was used without further yurifieatian~ Dengity of this
reagent was 0.788 z“53'/1*' gmaﬁmla |

Rﬁagant grada.gyridine, triply diétilled in the helix



'1 &¢;umn,'was uged. The iraatian having a boiling point |

'fﬂ; lranga of 1@5.1»115 by dagreaa aentigraéa w&a ratainad. The

5”ff’ bramian eurves and th@ j’”"

| éeaaity'af this reagent waa é.§$3 2Q/§4gmsﬁml. L
. ALl reagents we a$mainxained in g&;; atnﬁpared 4_‘
;iflaaka, and nawmal’graaam ions takan ta‘avaid eant‘j¢*“ti¢n. |
The valamﬂ of Eﬁﬁh raag@nt ﬂ%&d, both for tha aali~ o

jﬁga, waa aa&eu&aﬁaﬁ ﬁwam the
~"”‘jity'm@aaaramenu of the partieular yeagent snd d@1$VQreﬁ
by{maana of éalibrateé f"*”atteag Table I is & aemyariaaa v.'_f
>'  ¢£ tha vwlmma ef aagh xeagsnt,ta ﬁha nﬁmbar af mmiaa it il

B mmms i mama* &

”ﬁf'ﬂy &t &aast

‘vtwanﬁy'feur haura gwi@w za @azh aea o év&id any @@&aibility
- of deift due b& %&@k of thawm&i aqmilibrium in the eleom

o ;tanza aem@@nenta¢ Buv;ag al& of th@ pregent wawk a aanaﬁant
r 25 | fvom aﬁﬁﬁﬁmﬁ? model

;~3 gmm auww -:;;-‘:f*iim . . o .
.. For the ealibw&ti@n @f asala un&tﬁ ta aenaennratiwna
~a£ w@aﬁtantﬁ and groéaat&, th@ preaedawe eenaisﬁga, firatly,

f*_;ef fiiling th@‘gﬁj@le helder'wiah,the aaleulatad vwluma

‘;ef the. re&etanna and pr@éaata &t twen@y fiv& dagraea aentiw
‘gxaﬁa. The aﬁ;;le h@lﬁ&» was than immeaiataly 1nse#teé
rinﬁa tha insﬁrumaﬁﬁ, tha”ﬁimar started, and the deaireé |

amount of payiéina ea&fiﬁ5§.aa&§d; The mzxmur@ wip $tirred

. and the instrumental veading taken. A series of timed




, 14
reaéinga were aantinue& in ardar to extrapolate back to
. gero time for the aetual raading desiredq_ A yetuning "aera”
?ﬂ’csnﬁisting of & mixture af eﬁhyi alaahal &nd athyi aaetate,
“5waa cantainad in an idenbiaal samﬁle haldar, and useé prior
_ta and aftar eaah 1nstrumantal raading« :
B The ina%rumﬁnt uaa tuned 80 thah the “zera“ gava :
- reading of 70 scale units .
| | ?@r the rung ta datanmine the 1n$brumenta1 raay@nae
| 50 eanaantra%ian ehanga during th@ actual wea@tian, the
f5pr¢a$dura eonaisted af filling the aamﬁle heléer with the
desired volune of a@aﬁie anhyﬁr&ée and athyl alaahal, |
These raaganta were mainﬁained ab twen%y five degreaa aantiw
'grade by means af 3 tharmmatat. The samyle gell waa then
:;iﬂaﬁrtad inte bha sell. h@lder, and the desired amount. of |
:; ¢ataly$t adéed,, The aSirrav way sbarted and the timer
turned on when one. half @f bhe aatalyst haﬁ been ‘deldvered.
" | A sﬁappar, threugh whieh e hale was drilled far the
f%ati?rer, wag kept in place on the samyle aell ta»minimiza
| the 1@5& vy vapmrizat&an of the athyl aaabata formed,
. | The tempsraturﬁ was maintained at. twenty five degraes
eentmgraé% {an measar&d bya ealibraﬁeé 1732 deg hhemmam_.
meter} by maans ef an 1@a~water thermastaz¢ Prior to, and -
'aftar cach raading, the EtOH-EtAe “aer@“ was inaarted in the
aell haldar, and the inatrnm@nt retuned o ?Q to avoid any
erroy dus ﬁ@ inatramsntal drift.
Ne- attem@t wis made to inaure that reaﬁinga wera taken




a2t definite ﬁzﬁme ﬂ.nmrva:&,a, (18 the maimen&me of wnmant
temyawmm mmﬁmi@na ;mmntesi thia. Aa eﬁ‘tem a8 '
:@waibla, two @r bhma re&dinga wem t;aken %ry alasa
“bogether zn wdar m datemma the ;:we@iaim a:f the instm»
| ‘mantal rwpww. W |

aamaxxm wm amamed ‘by axtmzaalaman‘ |




L sae@nﬁ axé&w raaetiama‘is fal& knawn, anevev, it will

BA313 FQR KiNﬁTiﬁ iﬂtﬂﬁbﬁTX@Nﬁ

The derwat#;‘_tn af the fundamemax sxprewmn fem | |
be
bx‘iaﬂy progented b o ’n,‘arder that. methada of treating
~ the $$§i3+3~ﬁm€¥wia caa ,ﬁ_al may be shown.
| Sima the rate @f a gegond wéw mm‘&mn 18 éegeam |
d@nﬁ ugan tweo &a&aaatwﬁti@ns, if g dnd b aw@ bh@ initsal
 congentyations of the e etants, and x 18 the amount reacted
/‘aftertime,ﬁ,thm L LT o
ax/d k(a«&;}thm} B . R R
’i‘ha inwgrawé f@ :
ko® 2, m/t axb).

fef thia @xpraaﬁiﬁn b@@amga, ‘ |
jltag Mam}/amu;g) | (»’g,).. -

whwee k i the rate ﬂm%am* |

| . The g@m:ml mathed;si vfw éa%avmﬁ.mng the . mﬁa |
emsﬁam Sa,.m;mm mhm;im on of i;hea valum ﬁ‘w By b, an&
% fubo the equation at Vulying v&l&sa.aﬁ_ﬁ‘ta ﬁee £k ia

i E amamm; va:mm lm;abiaal tmatman‘h a@xzsims of glcsming;

¢ sgainst log a—»x/wa,wm;ah shaum

slope: of which is k(amh}/z :m‘ | | |

In e:&er to uiﬁ:t,im data ema&ma f:wm tha max&i&a» -
) 'metez*, it muat be 1::11;@51-,55;:-@1;@@ in teyns of the maamm
vaxiaala, m H i:he_vj;‘;_ abla m a mmax* fumti@sn @f tha

SR ‘aeale W&éingﬁ abﬁaﬁfzed, then tha sea}.e madmga may be used

d&mmw w evaluate ;:, :5‘1% am; Elvﬂ,ng (1953) Wparﬁed tm,a ik

eld & gﬁx&aigm lineg, the =
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‘method to be successful in evaluating the reaction variable

- in the alkaline h?d?élyﬁiafﬁf Jlower sliphatic esters, Thelr

'werk'was d@na on éilute aauawua solutions of elaa%rﬁlyzag
and, hengs, the data abtaiﬁad was primarily due to a
conduetive phanamﬁnem. ' ,

A dategminaﬁian of 3@&1@ reaﬁinga with varying

composition of reactants and products in tharyragant»iaé

- vestigation ghowed the reaction gamame; x, to be a nons
linear function of the ﬁﬁé@a_?egd&agag In order to compens
pate f&r-ﬁhia;‘iﬁ iﬁ1naﬁ$§$awy to five@végaatruat a e&l&%
bration curve by ;;ai@.ttiz;g" geale readings against varying
congentyations afT?aaﬁﬁanta_aad,ﬁr&éuetﬁh The calibration
is dane,by'wal&ﬁingza:défiﬁigg gdale value to 4 series of
kuown concentrations of reactants and products. In this
nanner, the scale veading may be inteppreted in terms of

molar eoncentrations.

If 16 1s éasir@ﬁ, the aeala valua& nay be utilizad
to interpret the raaan&an variable éiva&t;y-hy drawing a
ptraight line from the initial te the final seale veading.
The experimentel seale resding falling on the aﬁrvaa,liné;

may then be read o8 an actusl scale reading on the straight
line at the game time value. Since the total seale change
is proportional tabth@‘@éhal'aanéanﬁr&tian'gh&nga; and the
initial congentyation of the vesetant present in the lesser
améant;‘b; is also proportional to the total goncentration
change providing the vesctlon goes to completion, then the
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’initigi eaaaantraﬁién, b, is praﬁarti@nal 4o s »«éyand tha
@9ra§¢r®ianal ta{ﬂ ~ 8, }/{3 - Sﬂj
This way be e@graasaé;as,-- o |

x 8U(5558y) / (8, 5

deexeaaa after time 2

) b % Vb : o  .‘f(§) |

: @whera St is tha saala xﬂa ing at %im@, B, a@r?seteﬁ to ﬁha

B ,.u&te % ig very valuable

Lsﬁ%aignﬁ line te ﬁamgan&&ta fﬁ? non 1inearity‘ﬁf % a8 a
4{y£ﬁg@§ian of geale unit&.“‘__ TSR NE
| Tha ‘methed of uﬁif

Jgng'saﬁﬁa uniaﬁ diraetiy-ta aval*‘ 
ere it can be ahmwn chat x ls & e
Iinesr function of the scale, since it elimingtes the nee$s~
=  aity'af aaii%ratien@ Hawa#er; in the gragaﬁt inﬁaatigatian,
the eslibration methed 1s considered mara useful.
amibility thab k- aangaautiva,d

. Sinee there iy a pr
competing yeaction in the substences studied may be imp~

ortant, the method presented by Frost and Pearson was ubil-
iged to sheck ﬁhiﬁ?@ﬂsaibikitya Thg,ga&ﬁ&ex.r&a&tian1@@3&,
sldered is shown below. , ;

- Agn0 + E%OH — HM * E’i‘;ﬁa

| and | .

ELOH + HAe —> Hga +-EﬁAe o .
In %égmg:aflgyggﬁia,hh@gg_gubgﬁ@@&&g are def&ned as ﬁTﬁH & A,
Aeg0 ® B;.HAQ'éyé;,Eﬁ#é”%fﬁ;_and,ﬁgi.ﬁ_ﬁ,»_?hs_fa%l@ﬁiﬂg |
relationship is then appavent.

A+B Ky enm

A +C —?-’-v D +E | ‘

Thﬁ ﬁiffer@ntial expre$aian far th& rates af raaetien
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becomes, .
1 aafas s - zc;ms - kzac W
'_Ey impeaing the. &aaditian tham A 2B, , 1t follows that

% A » 2B, and eguaziaﬁ (4) beéamea, -
arfas = {2y <y )AB = Ky A2 (5)

. Fr@at and sﬂhwanaer hava studieﬁ ané abtained
: salutisna for variaua 1&ffting aaasa-whara the r&a&ti&ns
"ara second order, The f&vgﬁ of these is where ky is very
much greater than kp ae that the first stap ig wvery rapid
compared to th& second. The reaction aﬁudiaa way. theughtv'
toks this case,and the ealaul&ti@na fa;lawing indicate this
to be true. R
| Th@ ‘seooud gase is ﬁhere kg is vary'mueh greater than
 kl, gnd the %hiré aaae Whe?e kl % 2kae By intreducing

&imsnsianlesa v&riabzea p, 4 ©5 and & parameter, 8, where '

B Mo, q Ma/}a@ » ¥ % Bkat anw “kz/kl , and
substituting these valaes inza ‘equation (5], the aubsaqnﬁnt

"’g; inﬁagral nay be ev&luatad te give fﬁr thes@ apeaial pale

" pulations of cases the fﬁllawing solutions:

For 8 ®= 0 (ky wmuch greater than kp) !
. rein ((a+1)/2q) and p=(q+ 3.)/2 S te)

Fera*% {klwzkgi .‘ o .
v M./p i and pREq I )

For s %o ( kp much gre&ter ﬁhan kl)
 resi(fg-1) and peg
Table X shows ﬁh@~a%wiﬁt adherende the resctions
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‘studied in this im’e@iﬁiééﬁim*'f}iﬁ‘:“;;nt;ain wﬁ.th the first aaaa,
émﬁ tzhe wrﬂ.’ber a&ﬁw&ma th:i,s i ﬁh@ aanditzmn imposed upﬁm |
the mawti@n, o ‘




'CHAPTER vI
GALGULATIONS AND RESULTS

The rate ceﬁstant in tha following Lables are gcals
culated according to the second order expressions presented
in the preeéding'ehaﬁter. In all cases the iﬁitiallcan»‘
aentratian of Aeg0 wias 0.5 malea and EtOH waa l 0 mal&sé |
The geneentratien variable, X, is feund far auy time, t, -
fram the plot of bex (males) againgt t.«_ ,

~ As.an example, consider the run using two ml of

yyridina catalyst. At twanty minutas reaetisn time (taao),
bex = 0. 325 males and a*x - 0, 825 males. Th@ﬁ ﬁha caloula«
| tions are as shawn belew. o ,

| k =(2. 303/t (a;b))lag(b(anx)/a(b-x))

k 3(2.303/20 min X o5 melas)lag(.5 x .825/»325)
,a_.moé liters
= 0.002539 liters min“lmoles*l

A11 Qal@ulatiana of k are done in this manner exeept
that the velume used is the actual volume of the solution
at a given eQﬁgeﬁﬁr&t&an af.réactants and préductaﬁ This
veluma varies from 104 té-les ml dependent upon the con~
centration of pyridine. | o

Figuras 7, 10, 15; 18 22 25, 29, and 32 are plots
of log b(amx)/ a(b~x) ve. time (min)e Th& slope of the
gtraight line is aqpal to k (a«b)/2,303 |

Table XI showa the cemparise“ of k calaulated fr@m



22
~ substitution in the second ardar*quaﬁian; with k cal~
culated from the slope of the line in the log plot.

Table Xis a egmp&riaén of the rate consgtant as
caleulated from e#p@xﬁm@ntal data with a constant caleulated
accoyding to the methods previously presented for handling
competitive reactions. It is readily seen that only the
case where k, is very much greater than k, agrees with the
exper&meﬁtﬁl*éata,'_ | | )

In the present wbrk'aniy ﬁﬁé values for k between
ten and eighty percent reaction are used. These ave con-
sidered to be the most reliable, Tha‘amail deviation in
the values of the rate constants within the 10-80% range - | —
;&é ﬁakan as §v&d$n¢e ef.thai# reliability; the values |
prior o 10% raaétian baingvabtainad; iﬁ'ﬁaat cases, by
extrayélatiﬁn; and those aver’éﬁ%'reaetieh considered
'inaﬁeurate due to laas of EtAe by ava@ar&ticn.

The exgarimantal data abﬁain aé in ‘this invastigation

indicate the r&te congtant of the raaatian between Aezo and
E4OH to praduee HAe and Ethe to be a linaar functian of the
amount of pyridina used 88 a aatalyst (Figp 33).

Jarama and Kubota (1953,1954) studied this reaction
by meana of the vagar'preésure method an&'alse‘repart@d
thelr ab#az?anian’éf'thiﬁ 1i§éar relationship. ‘Hewevar; :
since no data ia'é#ailabiéifram their~w@rk under conditions
aimilar e these in whieh %h@ yreaent inveaﬁigatianvwas i
carried out, the exaat valuea fer the rate cenatanta are |



r’;i.af the pratan frem hhe ot

“fi;f the hyﬁralyaia aft

. 2
| ‘not pomparable. Tt 1s°nﬁnéthelesa interesting teo note '
the aimilarity of reaulta obtained by the two different

‘methads as ta the 11neariﬁy af the pyridine caneentratien

- as & funetien ﬁf tha rate eonatant.xﬁ

The meehanism for this raactien has been propoaed
as . ahawn belew.'» ' ' ;

cag
GHy ?Hz - Gy
C—-Q"‘"“'HQ -_ GHQ
iR (baﬁe) | | |
B S 0
G= 0 c=0
o |-
=3 s

" The Pyridine (@r ath@r argaﬁic ba&e) fa@iliﬁatﬁﬁ th@ ﬁransfer |

"annl and tha nleavaga of the

'anhydvide mela¢ule iﬁ__ agaus t@ tha sama prﬁcadure in .

acatic anhydridaiv

The daer@ase in the rate of reaetian as ﬁha raactian
pragresaaa ia parnially attributed\te the neutralixatien
ef gyridine by the HAe. fermad and henee, a lesaening in
ite ability to faailitate the vemoval af 2 pratan frem the
Et@H mel&eule. Hawever, the remaining Ae0™ will eompensate
~ for this aemawh&ta Jarams end Kubota (l@)#) inveatigated
the affeat upan the rate eanstant of adding Hae to ‘the reaction
mixtura. Thay'fmund ‘Bonme evidanaa Qf catalyﬁt go;ﬁening,
The reader ia refarred ta the original papar f&r a.more

L 4

- e i B e I
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_CHAPTER VII
| strmaw

e A one hundred uwenty megaeyele ascillometar was used:
""ta study tha kineties f tha raaetion af Aezﬁ and EtOH to |
'  preduea HA& and EﬁAa, Pyridxne was usad o catalyze thia

.»eatarifieaxien, and g linaar~relatienahip nﬁte& betwe@n
tha pyridina aaneantrati@n and the rate constant, |

It was &hewn that the effeet af a campeting reaetian
( HA@ plnﬁ EtGH to give HQG 9lus EtAe ) ia negligib&e by
camparing the. experimental values af the twe rata gonstants
with values for these ean&tants as ealculated by metheds fﬁr
apeeial limiting relationships. |

‘ The instrument is conaidered t0 be entirely satis-
factory for kineui@ gtudies in galynary salutzena pro=
viding there is suffieient difference in the capacitative
effacts‘ef the ?éagtanté-&nd,§rcduet@; asvindigated by
o theiﬁidialeetric cénatantaa | |
Two grapha are presented showing the instrumental
| response to dieleetrie change aﬁd to electrolytic cons
centration change. The ingtrument; using thazﬁresent gample
¢all een&tr&ehi@n; 18 not sufficiently sensitive for use
with electrolytic solutions. N B



TABIE T,

eo}i’\;téziazsem OF VOLUME TO MOLES OF REAGENT

EtOH
VQLUME MQLES

(ml)
53. 30
56*55

52gk5«

~ ho.78
34-98
29,5

1.0
0.95
0.9
G§8

0.6

0.5

VOLUME MOLES
ml)
46.80
k2.0
37.50
28,10

0.

fﬁlﬁﬁ'a
O h
03
1870
9.35

0.2

0.1
0

Hho

(ml)

.86
ER
112
S o1rds
22.86
28,56

VOLUME MOLES.

0

‘0,05

0.1

0.2
;953

0.4
0.5

26

© BtAe

VOLUME MOLES -
(ml)

0
h~89
9.78

l9a$5

29.35

38,93

18.89

0
0.05

0.1
002

o°3
0.4
0.5
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TABLE IX

EXPERTMENTAL DATA « RUN # 1

f EIPwny

{moles) (moles)

=33

" = B 3L
0.3 . 0.93  0.03k  0.922  0,003319
0.387  0.887.  0.060  0.461  0.002905

0.3 0.854  0.082  0.308  0.002660

0.325  0.835  0.104  0.2303 0.002539
0.299  0.799  0.126 0.1842 0.00261
9“'2?? | 0.777 0.1@7 ‘ 9.1537 6,692395_ B
0.253  0.753 0,173 0,131  0,002415
0.235 0735  0.195  O0.15L 0.002375
0,215 0.5  0.221  0.1024  0.002395
0.198  0.698  0.236  0.0922  0.002398

0182 0.682  0.273  0.0838 0.002420
0,169  0.669  0.297  0.0768  0.002415
0,156 0.656 0-525 0.0709  0.002425
0145  0.645  0.347  0.0658  0.002420
03k O.63% 0374 0.0615  0.002435
0.127 0.627 9.393 0.0576  0.002 450
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RUN # 1 (2 ml ) yridine)
5 CHANGE IN CONCENTRATION WITH RESPECT TO TDME -

Ol

¢ AYNOIA
b- x(MOLES)

™

. £ 3
o) 40 80 120 (GO
MINUTES



9 TUADLS
bk (MOLES)

L)

&

2

RUN # 1 { 2 ml pyridine)
CHANGE IN CONCENTRATION WITH RESPECT TO TIME (expanded scale) -

H 3 |

H i

o

anma

i
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MINUTES
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. (istn)  (moles) (moles)

o
30

| %a
W0

50

60
S
90

| TABLE 111

BEPERTMENTAL DATA - RUN # 2

- b

0.329
G.282

020k

0.210
0,185

0.258

0.133
S

L

0,880

0,829
0,782
0.7k
0.720
0.685
0.658

0,61k

0.0589

0,105
0,1427
10,1830
10,2281

0.2683

0.3190

0.3762
0.4303

0TS

0.1537
0.1151
- 0.0922

0.0768
0.0658
0.0576
0.0512

35

Q 002881
0002450
0.002321
0.002235
0.002225
0.002182
0.002231
0.00229%
0.002335
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 TABIE 1V

'EXPERIVENTAL DATA = RUN # 3

time bex | vy
(min)  (moles) (moles)

5 0.370 .87 0.922
10 0,304 0.80k  0.1215  0.461  0.0059%
35 0.259  0.759 0,366 0.307  0.00541

20 0.221  0.721  0.212  0,2303  0.00517
25 0,189  0.689  0.2608 0,184  0.00510
30 0.62  0.662 0311 0.1535  0.00506
35 0438 0.638  0.364  0.318  0.00509
40 018 0.618  0.185 0.5 0.00511
45 0,099  0.599  0.480 0.1023  0.00521
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 TABIE V

EXPERIMENTAL DATA = RUN # 4

bg&j'

Gzt

(moles) imélgsi

0.302
0 w251
0,211
6?38@
0.152
0.108
0.090

0.802
0.751
0.731
0.680
0,651
0.629
0,608
0.590

S o.9z2
0461
$¥§Q7',
0.2303
Q?i8§_-
01535
0.131¢
0.1151

0.1023

(moles,
gﬁinfl}

0,00665

000600
0.005725
Q;&Qgsé
0.00540
0,00540
btﬁgﬁéﬁ
0.00547
0.00559
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 {min) ‘(ﬁaiéé) .(mgiéﬁ)
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TABLE VI

Exmmmn DATA - RUH #5

bex

@y%éé.

0.389
0348
0.313
0,284
0.252

0.229
0,206

0,167

1§§$§5

0,120

ea0r

o=z

0,936
0.889

_'@g$&$

0.813
0.784
04752
0.729
0,706
0,686
0.667

, 95551 |
”G?ﬁéﬁ |
0.620
0.607

1@151

0,769
0,576
zgggﬁg

0,329
@@256

.9?2365
0,209

- 0.192
Cearr

0.1645

"

Q,@&?ék
0.00715
@y@0796}
0.007025
0.00690
0.00713
0.00710
0,00721
0.00727
000721
0.00745
0.00764
0.00780
000790
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TABLE VI

 EXPERIMENTAL DATA = RUN # 6

»

nin L
0.00773
0.00752
'Q@@@?él
0,007
0,00699
0.00699
0.00696
0.006975
0.00702
0.00713
6.@072@
9?@@75?'

0.00754

0.00772
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TABLE VIII

DXPERINENTAL DATA = RUN 4 7

(males) o (uiolesy
| . ‘min 1

2 o382 082 0.063 2,903 0.0153)
o 0.325  0.825 0,04 1151 0.01261
6 022 0782 O3 0769 0,011
8 0.2 074 077 0.576  0.01080
10 C.218 0,718  0.218 azzél  0.01065
o 0,190 0,690  0.259 038k  0.01052
1 0,169 0,669  0.296 0,329  0.01050
16 049 0,649 0.33¢  0.288 001030

20 013 0,603 0.3k 0.2303  0.01060

22 0.098  0.598  0.485  0.209  0.01078
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| TABIE IX
EXPERIMENTAL DATA » RUN # 8

T RO e

Ymin 3/
0.392  0.892 0,057 2303 0,039
0,334  0.834 0,007 1,151 0,01185
0,287 0787 0,238 0,769  0.01123
0.249  0.749 077 0,576 0.01080 S
10 0.219 0719 0.5  0.6L  0,00040
12 0,191  0.69%  0.258  0.384  0.01051
1 0,68 0,668 0,208 0,329 0,030
16 ﬁm 0645 0,347 0.288 0,01059

.
4
6
8

20 0,130 0,610  O.bkh  0,2303  0,01084
22 0,098 0.598  0.485 0,209  0,01082
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TABLE X

 COMPARISON OF RATE CONSTANTS BY METHOD OF FROST

TIME
- (min)

EXP ky  OASE 1  OMSE 2
. unt
o.000995
0002375
0.002398
0.002415

0.002420

ky Ky

0.00275
0002373
fqﬁ302395

0.002420

0.002415
0.002395

0.002015

04001925
0.001843
| 0.001758
0.001670
10.001581

oasE 3
ko ¥y

0.001909

000210

0.002395

0.003465
0.003705
0,003900

68




TABLE XI

COMPARISON OF RATH CONSTANTS USING
GRAPHIOAL AND MATHEMATICAL TREATVENT

I N e T

% {(frem sqi k {from

9.02283 )
0.005261
0@5568

0.007222

Lope )

0002465
04002180
0,004925
10.005370

0.007260

. Qéﬂlkﬁ

0,01055
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RUN #

SRR S R I R I

TABLE XII

TABULATION OF DATA

 PYRIDINE
{ M. cone)
0.2295
02295

0:3420
Oehgia.

04512
;9?5575-
0.5575

0.002470

~ 0.005261

- 0.007222

kK avg k

T 0.002376
o028y

0.005415
0.005568

0.007302
0073 0.007262

0.01084
0.01081

C0.010825

0
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