
THE CIiEMISTRY OF ETHYLENE OXIDE 

111. REACTION OF ETHYLENE OXIDE IN AMINE SOLUTIONL 

Abstract 
-1 kinecic stutly has been made of the react io~l  of ethylene oxide i n  pyl- i t l i~~e 

sol~rtion in the presence of stroog acids. T h e  rate has t~een  foi~rltl to bc dependent 
11po11 the concentration of acid a n d  of oxide over a wide range of concentrations 
a t  2;i°C. T h e  specific rate constant, however, varies markedly with the nature 
o i  the acid anion and  appears to decrease ~ v i t h  increasing basic strerlgth of the 
anion. 'l'he at)se~lce of large salt eCfects seems to indicate tha t  the aniorl eCfcct 
is of a physical rather  than  chemical nature a n d  the results arc therefore tenta- 
t i~ .e ly  at tr ibuted tu the nature of solutions of elcctrol!.tcl; in solve~lts  of low 
tlielcctric constant. 

Introduction 

'The results o i  some csperiments on tllc rcaction of cthgrlenc osiclc 11 it11 
amincs i l l  aclucous solution \\.ere rcportecl in a p~-c\.ious paper- ( 3 ) .  I t  n a s  sl1011.n 
that  in \vater tlie rate is a function of tllc concentrations of a ~ n i n c  ancl osiclc 
oiil!., aIthougli the reaction  nus st t a l x  tlie general iorm 

Hon.cver, in spite of the fact tha t  thc I-caction proceerls through a 111-oton 
transfer, 110 appreciable hydrogen ion 01- amillium (R31\;I-I-t) ion catalj.sis 
occurs over a verjr  nliclc range of espel-inlental conditions. Basic catalj.sis is 
also absent ant1 the ratc is given very closcl). Ill. thc equation 

d ~~roc luc t  
- = k(amine) (ositlc) 

d t  

\vliere the allline c o n c c n t r a t i o ~ ~  is tha t  of the free or unio~~izctl  anline l ~ r e s c r ~ t  
i l l  the solution. Apparcntll- tlieii, in aclueous solutio~l \vatel- is the ~ x - i ~ i c i ~ a l  
source of prot 011s. 

I n  view ot the above results it \bas o i  intcl-cst to  stud). this reaction ill  proti tic 
solvents \ \~herc the  co~lcentra t io~l  of proton-suppl) ing substances coulcl be 
controlled. In this paper \\re present the results of some experiments carlied out 

ith p\ ricline a s  both solvent and reactant,  together ~ v i t h  a f eu  1cs~11ts ol,tainccl 
i l l  clietl~).lamine solution. P>.ricline was chosen for 111ost of the n-01-1; bccause 
it is an  csccllent solvent for its oivn salts ancl because the fol-mation of a p~ ri- 
clonium base pernlits the  reaction to be follo\vecl acci~rate ly  b!. s i~nple  acid- 
base titration. Unfol-tunatell., however, p! ridinc cannot be i~sccl to stilcly the 

1 .hCa?~7tscrif~t received December 20, 1950. 
Co?ttribzitio?t front tlze Divisiolt of Chentistry,  Natio?lal Research Cozi~zc2'1, Ottawa, Calzada. 
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cata l~ . t ic  actix-it). of Ivater or  other \vealcl~- acitlir co~~i!~ouncls  because t l ~ c  1))-ri- 
clonium I~asc  forrnetl in t h c  I-eaction is stal,le onl!. as  the salt oi  n fail-I!- st~-orig 
acid (6). ;\cco~-tlingl!., a fci~l esl~crinicnts \\:ere pel-tor~ilcci i n  tlict-h~.larnil~e solti- 
tior< to oI11ai11 some itlea o i  thc catall-tic ac:li\-it!. of \\-atel-. 

Experimental 
1.  diaterinls 

(a) Et-h!.lene ositlc-a colnmercial ~ ~ r o t l u c t  lln~.ing a p ~ ~ l - i t l -  01 (39.5% o r  
I~c t t c r  n.ns i~scd  \\-ithout furtt1c1- p~~ri f ica t ion.  I t  \\as 11-cighed in small 
scalccl anil)oulcs \\.hich Ivcrc I~rol<cn into t h e  I-c~iction rnixt~ll-c (4.). 

(6) A4~uincs-all amincs \vith tlic exceptiorl of I)!-ritlinc n;cre p~i~- ihed by 
c:arcful iractiorlnl clisl-illation after staniliiig solne.cla!.s ovcr solicl potas- 
si 11m h~.clroricle. 

( c )  I>!-~-icli~~e-most of the pyridinc ~lsctl \\.as p~rriiiccl 1,). distillation, 61-st 
fl-0111 so t l i~ in~  h~.tlrosiclc, then f r o ~ n  a l u ~ ~ l i n u n ~  c-11101-iclc, ant1 finally b y  
c a r c i ~ ~ l  iraclionation ( 1 ,  2). S o n ~ e  ol  thc clilatomctl-ic m e a s ~ ~ r e ~ i i e ~ l t s  
IWI-c nlatle, l io~vcve~-,  uiith p).~-idine carefull!. frat-lionated after standing 
OI.CI- l~ot ;~ss ium h!~tlrosiclc ancl I~ariunl osiclc. There is some indication 
that thc nrorc rigorous ~~lrrillicatiori g i1-c~ sliylitly 11iglic1- sates, but: t l ~ c  
clil'i(crc~icc~ ~1111ess othcrn-ise noteel are too close t o  1-hc espcrirnental 
crror to  I:rc of much significance. I n  gel~cl-al. p).si t l i~~e ~~urificcl 11~it11 
bal-ium oziclc \\.as ~ ~ s e t l  for t-lie cl i lato~l~etric es l )er i~~icnts ,  nrhile j~yriclinc 
clistillctl isom ;~luminum cliloriclc was ~~sclcl for the experiments in \\:hiell 
thc reaction \\,as iollon;ecl by titration. 

(n') l').~-itli~iium salts nrcrc prcparecl I,!- aclcling conccn trntecl aqucous acids 
t o  a slight excess o l  p\.ricline ancl filteririg the  cr~.stall ine Inass. T h e  
~ ~ r o t l u c t  \vas then clriccl o\;er s u l p h ~ ~ r i c  acid in n \:acuum clesiccato~- at 
a fen- niillimctcrs 111-essure, I-ecr!:stallizctl /I-on1 21 s ~ ~ i t a l ) l c  solvelit, ancl 
fi11all~- clried again over sulplinric acicl 01- phosl~horus pcntosicle. T h e  
acicl content ot  the procluct was clctel-mined I]\- potel~tiomrtric titration 
against st-anclartl socli l~n~ l i ~ d r o s i d e  ancl in all c-ascs n.as lorlnd to  he in 
c s c c l l c ~ ~ t  a ~ r e e m c n t  with the thcorctical I-aluc. I n  a fc~v cases, \\-here 
thc ~~!.riclinil~m s;llts were too hygroscol)ic to  IIC ha~icllecl con~renientl~. ,  
s o l u t i o ~ ~ s  n.el-e prepared by acl t l i~~g thc acid t o  the [ )~ . r i c l i~~c  a~ i t l  1-itrat-ing 
to establish tlie concentration. Thus ,  hytlrogel~ chloritle ancl I~ytll-ogen 
I.)ro~nicle s o l ~ ~ t i o n s  were l~reparccl lrom the  dry  gascous acids; sulphuric 
~ ~ c i c l  solutions IVCI-c pre~~al-ecl by adcling a fc~v tlrops of conccntraterl acitl 
Lo p)-I-itline ancl assuming tha t  the  smnl! arliourlt ol  I\-ater present rorild 
l ~ e  neglcctccl. 

2. ilIethods 

,411 e~per in len t s  \\,ere performed a t  25OC. in  a bath  contsollecl t o  i 0.002'. 
All titrations were maile electrometrically ~srith a Beckmann llilodel G pH 
meter. 
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= \ I he reaction appears to I)e \-(,I-!- clcarl since, I V ~ C I I  i t  is r u n  t o  completion, 
anal>-ses lor cl~ialer11a1-); I~asc  arc csse~ltiall!- in cl~inntitativc agrecmcrlt \\.it/, 
the  theoretical ).ields calculatccl from tile ctll! lc~lc  osiclc usccl. 111 11)-riclinc 
solution the reaction \\.as lountl to  11e oi tile scconcl ort1c1-, obeying t l ~ c  ra te  
cs[x-cssiorl d(procl uct),/(It = k(osic1e j (ncitl) ; it- \\.as follo\vcd 1,). clilaton~ctric 
mcthotl a t  acid conccntr-ations abo\.c 0.1 J J  an r l  by a n  annl!ltical methotl belo\\. 
this concentration. 

( a )  Dilatonae/7.ic dIetlrod 

This  method was essentiall~. thc  same as tliat previo~isly dcscril~etl (3) .  
Dilatometers are  s~i i tablc  for LISC onl! \\-it11 first ortlcr reactior~s anrl 
hence in p).ritlinc solutio~i \\-el-(: ~lsctl on[!- in the  pscsellcc o f  a largc: 
escess of acid relative to  ctll!.lcnc ositle. 1-or t l ~ i s  I-cason the  metl~otl was 
limitetl t-o those exper in~e l~ t s  in I\-hicll l l ~ c  acid cor~ccntrations \\.ere 
a l ~ o v e  0.1 111. I n  tlietliylaminc solution the  rcacl-ion is pseutlo first ostler, 
sincc thc  pl-oton recluirccl is rcgei~eratecl ant1 liencc the  concentration 
restrictions d o  not appl!.. Uniorti~rlatcl!-, ho\\.ever, anhyclro~rs diet-11y- 
lamine is a vcr). poor sol\.ent for it-s on-n salts and it was t1ic1-cfore 
necessary t o  restrict thc c s l ) c r i~ l~cn t s  \\.it11 this solvent t o  a iew runs i r l  

\vhich a small a lnou~i t  of water \\-as atltlctl to the clictliylaminc. I t  \v:rs 
ncccssarIr to provicle rncl-c~~l-!. seals for the dilat~o111ct-crs in these runs 
l~ccause  no stopcocl; grease \\.as fo~l~lcl tli;i t \ \ . o L I I ~  I-esist this solven I:. 

' (O) A?znlylical 111ethod 
r .  I lie reaction, in p).ritline s o l u t i o ~ ~ ,  ac . t~~al l>.  consunlcs tlie acid "catal!.st" 
so niay l ~ e  follo\\;etl 11). c l e t e r m i n i ~ ~ ~  the unreactccl ncitl a t  ir~tervals 
cluring the  reaction. A saml~ lc  o i  (he  reaction mixture \\-as rclnovctl antl 
cl~~icl<l>. transferrecl to n small flask. This fl;~sl< \\.as fittccl with a rernov 
a l ~ l c  co~~clcnser  'o ac t  a s  a spra!. Irnp ant1 this i r l  turn \::as con~iectecl to  
a v-acu~lrn s!.stem capal>le o i  ~ - e t l ~ ~ c i r ~ g  the  pr-essul-c l)clo\v o r ~ c  millimct:er. 
'The ethJ.lcne ositle and p!.ritlirle \\.ere ~-api(ll>- tlistillctl off a t  l-oonl tcnl- 
peraturc antl the  stallle residue. corlsisting of p).riclini~~m anel p>,~-icloni~~nl 
salts, \Iras set  asicle for titration. 

T h e  condenser ant1 Ilnsl< \\.ere I-insctl \\.ith \\.atel- ant1 the  resultirlg 
solution titratcd against a sta~~clar-tl sol~ition of sotlium 1iytl1-osidc using 
the internal electrotles of n Bccl<ma~ln RIoclel G 1113 meter. Conditions 
wcre ~ ~ s u a l l y  chosen so tliat- a samplc of tile illit-ial acid solution rcq~~irecl  
ahout 5 t o  7 cc. o i  soclium li~~tlrosit le anel titrations \vcl-c accurate to 
about- 0.01 cc. Ho\vever, a t  lo\\- acid concent-rations tlie enti point of the 
titrations becori~cs pool- \\,,it11 tllc result that  the nietliotl is ~ ~ n s a t i s l a c t o ~ - ~  
for use with s o l u t i o ~ ~ s  less conce~~tl-at-ccl than 0.005 JJ. 'This is partic- 
ularly t rue  in the case of pel-iotlic acid n;liicli in water is a fairly nreak 
acid. As a result thc  da ta  for this acid are  slightly more erratic than 
those for the  stronger acids. 
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Generall)., four saml~les \\.ere talcen on each run bet.ween 10'>:, :~ntI 
5071; total reaction. In some cases reactions ivere carried close to  con\- 
plction bu t  in no case \\;as appreciable deviation fro111 secontl orclcr 
obseri-etl. I t  \\.as assumed tha t  one mole of eth>-lcne oxicle disappcal-s 
with one mole of acicl and the results so ol~tainetl were plotted against- 
time using one o f  the ~ l sua l  secorlcl orclcr rate esprcssions. T h e  rccortlecl 
rate \\as tha t  given by the best straight line through ille foul- point:s and 
\\as ~ ~ s u a l l j .  \\:ithin 1-2% of the  valucs calculatecl from the ind iv id~~a l  
lmin ts. 

IYherever possible, I-eaction mixtures tvere preparecl by.iveighing the pyritline 
salt into a \:olunletric flaslt and malting LIP to  volunlc n:ith p).ricline. 1'11~: ~ o l u -  
tion \\:as t.ransferrcc1 to  a vessel desig~lecl for filling the clilatomctcrs or i o ~  I\ ith- 
dra\\rirlg saml)lcs, antl brought to the temperature of tile bath. A weigl~ed b~rll) 

, of eth!.lene oxide n-as then Ilroken into the mistur-e ill the usual fashion. 

Solutions of various amine perchlorat-es in p>-ritline were prepal-ccl bj. clis- 
solving \\.eighed cli~antitics of pyridine ~~erch lo ra tc  nl~cl amine in l~yridinc. Tlrc 
amount of amine atlcletl was slightly greater than tllat calculatetl as i~eiug 
necessar). to tra11sfe1- 98% ol the protons fr-om the pyricline. I 'he  ralculations 
wel-e based on the assumption that  the tlistl-ibution ot the protons hctlveen 
the a~n ines  is given 11). the ionization constants of the amines as tletermii~etl 
in dilute aqueuLls solution, and by the relative concentratio11 of the a~nines.  

Solutions in clieth).lnrninc were PI-epal-ccl b). dissolving \vcighecl amount-s of 
\vatel- ancl of p)-ricline sali: in the diethylamine. The more basic tlict11yla11-~inc 
was assumecl to take u p  the protons, leaving a small amount of ir-ee p>,~-itlinc 
in solution. The  eflect of this free p)rridine shoulrl I3e very s~nnl l  in vie\\, of the 
large excess of cliethyla~ninc. 

Results 

The results obtainecl with tile v a r i o ~ ~ s  acicls in p) ridine ant1 c1ieth)laminc 
solution are sholvn in the accompan>.ing tables and figures. lletailecl r e s ~ ~ l t s  
arc given on[\, for pcrc11lo1-ic acid (Table I ) ,  since this acid n a s  st~rclietl o ~ c r -  
the \viclest range of co~~cen t ra t ions ;  the da ta  shou- goocl agrccmellt I~e t~veen  
the clilatometric and analqtical methods antl, more important, sholv that  the 
rate constant holds over a ver3- wide range of concentrations. 

Esser~tially sinlilal- results, but  with different \ialues for the rate constant., 
were obtained with otl~el- acids. T h e  clata are illustrated graphicall?. in Fig;. 1 
and the average values for the rate constants are given in Table 11. I t  \li;ls ~ ~ o t ~  
possible to study the  catalytic activity of tile halogen acids in this work because 
their reactions are complicated by the formation of halohydrins. I n  'l'atlle 111 
are shox7n the  da ta  for sulphuric acid. For  reasons given bclo\\l, the ratcxs for 
this acid have been calculatecl from both t-he normality and molarity of the acid. 
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RE.\CTIOK OF ETII\ .I .ESE OXIC)E IS  ITRIIIINE 
SOLU'IICINS OF I 'ERCIILOKIC XCII) 

I 
Iiun ' I-ICIOI Oxidc 

2.20 
2.33 (contains 0.175 JI 

k anernge ( d i l u l o ~ ~ ~ c / r z c )  = 9.97 X lo-? b ~ t z o c e ~ l  1.3-0.2 Jf IICIO, 
- - - -- - -- 

'I'AULE I1 

C.AT.\L\.TIC A C T I V I T Y  01: S T R O N G  A C I D S  
O N  T H E  RDAC'I'ION OF 1'; lIIYl.EKE O X I D E  I N  I 'YKIDINE 

l k i  Solubility of acid 
Acid (dilnto~netric) (analytical) in py r id i~~e  a t  25'C. 1 (1.11101.-1 nlin.-l) (I.n~ol.-~ min.-I) (moles/l.) 

MClOI 22.7 X 23.9 X ca. 2 . 0  
1310, 22.4 24.4  ca. 2 .0  
H.SO., 8 .9  0)  0.032 
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AC I D  CONCENTRATION ( r n . / ~ . )  

FIG. 1. R ( I / ~  of recictio?~ of e l h y l o ~ e  oxide i ~ r  pyr idi~zc  i u  tlie j)rc.so7cc of s/ro?rg acids (;l ,ir~lybicnl 
~ l re lhod) .  

' 2 6  r' 
2 

- 2 2 -  
' j 
0 

I 
R 
0 - 
x 9.0 

R o i  Il?SO.j I Oxide 1 k r .  I k i z  
(moles/I.) (rnoles!l.) 

I 

- e a 8 
0 0 ---8-8.-0-~-0 

0 0 8) 

O e 

I I 1 1 I .,LA 

4 

The effect of socliur-n perchlorate on thc perch101-ic acid catalyzecl rec~ction 
is s h o n ~ l  in Table IV. Salt ericcts are see11 io be small. 

'Tablc 1' sho\vs thc results of so~llc cspel-iments in \\-hich slllall amounts of 
water ~vese adclecl to the p>.ricline-acid s!-stems. The data are too limited to 
he of much significance hut scelll to indicate that the effect of water on the 
rate is slnall. As  already ~ n e ~ ~ t i o n e d ,  tile catall-tic activity of water alone cannot 
be stucliecl in pyridine solution hecause the 111-od~1ct is an unstable pyridonium 
hydroxitle which undergoes further reaction. Some iclea ol the catalytic activity 
of water was obtained, however, in clieth>-lamine solutions with the results 
sho\vn in Table VI. Dieth>,lamine in the absence of water is a very poor solvent 
for its own salts, so the studies were extended to incluclc rate measurements in 
the system diethylanline-water-perchloric acid. The results shown in Fig. 2, 

a ", * e 
-0- C,H,-S0,H 

7.0 

- - x  ,-. -X - CH, -C,H4-SO,H 
,,, - % O O - O X X  

- 
o HNO, - 
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FIG. 2. Reutliotr qf cthyle~ze oxtde i ~ i  d,c.llrylni,ii,~c. ~011tlio)i ~ I L  the $ r~~scnce  o f  boflz water slid 
pcrchlnric nczd (D~ln lo , , i c f r i~  111c.llzod). 

EFFECT O F  VARIOUS . \>IIXES ON T l i E  .ACI1> 1NDIJCI:D 11E.ACTIOX 01' ETITHTLENE O S I O E  
I N  I ' \~RIDISE  S O L W I O N  (DILATOMETRLC) 

Acid .-\mine kObs/acid 
Ru~l j  Acid / ( colic 1 A m i n e  I conc. Osidc 1 i , b s  ( I .  p~o l :~~  

n~olcs/l.) molej/l.) (~noles/l.) ( I . )  nun.-'1 

HClO.1 
I-ICIO., 
1-1 CLO, 

l'yriclinc 

Triethyl- 
aminc 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
 W

IN
D

SO
R

 o
n 

11
/1

0/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



altllougll ratlicr erratic, suggcst that  the catalysis b~ 1x1-chlo~ir ,lcid is not 
greatly affectecl 11). the lxcsence ol small alnounts of water. \ \ - a h  i~sc l t  gavc 
VCI.!. Ion. rates a t  conccnt~at ions  1)clon. allout 2.0 111, 111-esumal)l! on-ing to  a 
recluction of its cfi'fecti\.c cor~cer~tr  ntion through associatioil n i t  11 dictlij larnine. 

Since in the pyritline - perchloric acicl s\,stem tlic proton source is prcsu~nably 
tlie p!.ridini~~m ion, it \\.as of interest to esaniine the effect of tlic atltlition of 
sniall amounts ot more l~asic- anlines in thc reaction mirt~urc.  I t  might. be 
expecteel that  the rate of the reaction u;oulcl be reclucetl in PI-oportiorl to the 
basicity of thc  aclcled a r n i ~ ~ c ,  since the  protons \\.oulcl bc transicl-rccl to, and 
more firn~l!. bound b!., the rliore basic anlines. T l ~ c  d a t a  of 'Tahles 1.11 and 
VIII  indicate that  tlic niorc tlasic amines do inclcetl reclucc the ratc hut  to 
about the  same cxtent irl all cases. I t  is possible, 1ioneve1-, tliat the basic 
strcngths of a ~ n i n e s  in pyridinc solutions are not clirectly relatccl to tlie ioni- 
zation constants of thc ami~ ics  in \\rater (7 ) .  

'I'.ABLE V I I I  
EFFECT 01: T i lE  V A R I O U S  A h l I N E S  O X  TIIE ACID INOUCl<L) 
11EACI.ION OF E T H Y L E N E  O X I D E  I N  P Y R I D I N I '  ( S U ~ I ~ ~ A R Y )  

I / cons tan t  I 
I-ICI04 

Discussion 

I-IN03 

I11 the previous paper it n-as slio\vn tliat thc reaction of e t h \ . l c ~ ~ c  ositle \vith 
amines p1-obal11). occurs ;lccortling to tlie equation: 

PL-ridine 
Die tha~ io lamine  
Benzylamine 
Ammonia 
Triet l i l  lnmine 

IC,N + CH?-CI-I? + I-IA -, R : ~ ~ - C I - I ~ C I - ~ ~ O ~ I  + 
\o/ 

- I Pyri t l ine  
Ammonia 

.i\~liere R 3 N  = aminc ancl HA a source of protons (acid). I t  is therefore not 
surprising tha t  in pyriclinc solution tlie rate ot tlie reaction has I~een iouncl to 
be clepcndent upon the concentrations of oxicle ancl of acid. 

1 .7  X lo-' 
7 .6  X 10-7 
2 .0  X 
1 . 9 ~ 1 0 - j  
5.5 X 10-1 

1.7 X 10- 7 .2  X 
1.9 X 10-j 1 .S X 10 

Honrever, the results Iiavc also shown quite clearly tha t  the ratc constant 
for the reaction is sensiti1.e to the nature of the  acid anion present in the solu- 
tion. This  might suggest tha t  the reaction in p~rricline, like the  rcaction of 
ethylene oxide wit11 neutral salts in water, is actually inclependcnt of tlie proton 
concentration, ancl proceeds through ailion attack. Qualitative s t~ppor t  for 
such a vie111 is founcl in the 1iyd1-iodic acid "catalyzed" reaction of ethylene oxicle 

2 . 3  X lo-? 
2. S X 10-3 
3 . 3  
3 . 0  
2 .8  
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in p).ridine; this reaction is t.oo complex for st~tc1;- a t  the prcsc~i t  time but some. 
results obt-ainetl cluring tile course of this i~ivestiyation indicate that  tile I-c- 
action probabl~.  proceeds, a t  least in part ,  according t o  the  eclualions: 

In the case of hydriodic acicl tlie second step is slo~ver than tlie first; in t-he 
case of an acid sucli as  pcrchloric, hou-clw-, thc  second step might n-ell be \.cry 
rapicl and t-he over-all rate could concei\rabl~. be cletermincd 1))- the concen- 
trations of oxiclc ancl of anion. There is, lion.eve~-, little reason to  belie~rc tha t  
anions si~cli a s  percliloi-ate and nitrate actually d o  add to cthylcnc osiclc ancl 
this viem is supportecl b). the lrer>. small increase obtailiecl \\.lien soclii~m per- 
chloratc is added to  the  perchlol-ic acid catal~.zccl reaction (Tablc I\-). For 
these reasons and from consitlcrations of mechanisms, we a t  present prefer 
t o  regard tlie rate of the  reaction as  being deter-mined bj. the  conce1it1-at-ions 
o f  thc  osiclc and of thc  proton source, and believe that  thc anion cfTect is clue 
t o  the peculiarities of solutions of electrolytes i ~ i  solvents of low diclcctric con- 
s tant .  This  view is amplified in the following paragraphs. 

I t  is obvious tha t ,  bccause of the  basicity of a ~ n i n c  sol\xnts, an). strong acid, 
and evcu quite weak acids, ma?, be espected t o  react completel>. t o  givc, in 
pyridine, the  pyridinium salt. T h c  dcpcndence of the  rate constants ~ ~ p o r i  the 
nature of the  anion ma); be explained if n.e assume, in agreement n-it11 ci~r-I-ent 
theor!,, that  in t-liese solutioris the 115.ridirii~1m ion and the anion I-enlaill in morc 
or  less loosc association. 

If  tliis is true then i t  is obvious t h a t  in reaction with etliylenc osidc, the  pr-oton 
is I-emoved, riot frorn the  frec p)-ridini~lm, but from the P y H f .  . . A- complex 
and thc anion may then play a significant par t  in tlie case of proton transfer-. 
This  viem is a t  least in qualitative agreement with thc  experimental d a t a  bu t  
requires that  the  proton be rather looselj. bound in the  complex 

since, i f  the attractive force f l  is large with respect to  fz, it \voiild be impossible 
for the  anion t o  exert so large arl effect upon the  rate. In support  of the view 
tha t  f l  is small, i t  may be noted t h a t  Burgess and  Kraus  (1) have found tha t  
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the p).ricli~liuln ion has a n  crcel1tiorlal1~- high conclucta~~cc,  a fact I\-hich thcy 
attr ibute to the t ra~is ier  o i  protons through the sol\-ent. I ;~~ i -~ l l c rn~orc ,  Fuoss 
e/ nl. (5) have {II-esc~itecl sonic e\riclence for the vien. that  i l l  t o l i ~ e ~ i e  sol~~t ior i ,  
a ~ n i n e  picrates ma). csist in a n  ecluilibril~m ol  the lorn1 

R.:IH.HI'i ;1 I13NH'.Pi- 
1 !. I t  

l i a S  f IIPi RjKI-If -I- Pi- 

Experimentally \ \ c  ha\  e louncl tha t  tlie rate constants are, cl~~nlitati\'el!, in 
the orclers of the s t rc~lgths  of the  catalyzing acicls, ant1 this is t~rrtllcr su [ ) l~o~- t  
for the h).potllesis that  1 he protons a1 e I emovecl [I-0111 iorl pairs, since the .i,alue 
ol j, will increase as the  acicl strerlgtll decreases. 

I t  may  be notccl tha t  the rate constants for the sulphor;ic acicls seem t o  
increase significa~ltl!. a t  lo\\- co~lcentrations (Fig. 1). This  incl-ease ma>- possibly 
be due t o  an increase irl the clissociation of t h c  ion pairs in the s\-stem. B~lrgess 
ant1 Icraus (1) have found a .i.alue of 5 X 10-j for tlie clissociation constant 
of ~ ~ r i d i n i ~ r ~ n  nitrate ions n-llicl~ is so Ion. that  one \voulcl not expect an). clc\~ia- 
tions fro111 linearit!. \\it11 nitric acicl a t  the conce~itl-ation ~ ~ s e t l  here. I-Io\ve~~e~-, 
they point out  that  the  dissociation consta~l ts  are clctel-mined lilrgcly by the  
diameters of the ions ant1 hence it- is l ikcl~,  t h a t  p).ritlilliurn l)cnzc~lc sulphonate, 
\\lit11 its largc ions, n l q .  be so much more highly clissociatetl than the nitrate 
t11at dilution elTects 1.1ccome irnportarlt a t  the concentl-ation used in this mork. 

T h e  cases of S L I I ~ I I L I ~ ~ C  anel pel-ioclic acids merit some attention. Periodic 
acid in water appears f-o be verj- r n ~ ~ c h  n~eaker  than perchloric acid-probably 
due t o  hydration to  gi1.e H,IO;-but Bineticalll-, in pj.1-icline \vlic~-e no hlrdra- 
tion is possible, i t  appears to be quite as strong as  perchloric acid. Analyses of 
the  pyricline salt of this acid she\\. i t  to have tlle composition C5H5N.HI04 .  

T h e  raLe constant lor s u l p h ~ ~ r i c  acicl has been assigrletl the  value of 8.9 X 10-3 
and this value is basecl on the assumption t h a t  i t  l~chavcs  as a rno~lobasic acid 
in pyridine. T h c  conclus io~~ that  s u l p l ~ ~ ~ r i c  acid acts a s  a ~uonobasic acid is 
s~~pportecl  by  tllc follon ills clata. nrhich \\.ere obtainccl in tlie COLII-se of this 
investigation: 

(a )  Pyridinium acid sulphate may be recovered ~ ~ n c h a n g e d  b y  recrystal- 
lization from 11) ridine, ant1 all our efforts a t  preparing the clipg,ridiniun~ 
salt were unsuccesslul. 

(b) T h e  acid sulphates of socliunl, tetrnmeth) lam~nonium,  and benzyltri- 
m e t h y l a r n n ~ o n i ~ ~ n ~  are exceeclingl). ir~soluble in pl-ridine; when ethyIene 
oxide reacts \\lit11 pjvricline solutio~ls of sulphuric acid, precipitation of 
a reaction product occurs very early in the  reaction. 

I t  is evident from the  foregoing cliscussion tha t  the reaction of ethylene oxide 
in amine solutions is too co~nplex t o  permit a n y  definite conclusions on the  
reaction mechanism to  be made a t  the present time. For the present our Itno\\il- 
edge of the reaction may be summarized as  follows: 
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( a )  Since all amines I~ehavc essentialll. sirnilarl!-, ~-eg~ircllcss o i  I\-hethcr or  
not they have 11)-clrogcn attat-lierl to nitrogen, the I-eavt.ior1 111~1st take 
the general lorm 

(b)  I n  aqueous solution tile reaction is largely inclepenclel~t oi  the source o f  
11)-drogcn ions and takes the Icinctic form 

-tl os id c 
-- = k(oxide) (aminc) 

d t 
No basic catalysis csists;  acicl catalysis is not inipossil~le Inlt ii -it csists \\-ill 
only be fourld under conclitions s ~ ~ c h  that  appreciable arnoi~nts  (71 free aminc 
and oxonil~ln ion nrill be j)resclit together in the solutio~i. 

(c) I n  pure amine solution the reaction is dcpcnclent upon, ancl rathcr scn- 
sitive to,  the soirrce of 11,-tlrogcn ion; the reaction rate is giver1 bj. the 
eqilatioll 

(d)  I n  both aqueous ant1 amine solut-ion salt effects arc snlall, suggesting 
the  existence o l  an unchal-gecl intermediate. 

(e) T h e  reaction ratcs, p<lrticularly in aqueous solution, shon no I-elation to 
amine structure or bas~cit).. 
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