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INT J.LJUCTION 

uch ,or is b n oae in th stu y of t e dir ct ~hlori-

nation o · ethyl ale hol ln the liquld ~i.wse . '"nis occss leads 

to the ~ro·u tion f chloral , a co~yound vu1~ - le as a dr an 

as an i 1te?- edio te in the pre~uration of ~llJ co:n.!:'oun s, . rtic

ularly 1,1,1-triehl o o- 2 , 2- bi (p- chlo o henyl)etb.ane (D. D. T.). 

The chlorination process ... u.st be controlled at a l ow r a te and 

lo te era tu es to prev · nt deco \f, Oei lon &.ad volatiliz tion of 

inter edia te vroducte . 

It seeaied p s ible that chlorlnation of ethyl alc ohol in 

t he vapor phas oulu le~d to faster , : ore e~aily o atrolled re

action . Veyy little study has been made o! the v~~o~- ph~se 

chl or ina tion o:f ethyl alcohol . 

Th.e },Jurpose of this ork i s to study the effects of c h..ingee 

in reaction temJ;,eratures and r ut io of reactct ,1ts in the vaiJor-

. ha..:,e chlorination of et .}'l alcohol . 



RISTO Y 

The chloritlati n of et ~l alcohol in the li~ui ~· us~ h s 

been studied T ther xt noiv ly by ·n orkers . As earlj as 
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l 32 Liebig (20) ~repared tric loro cetbldehyde (chlorgl) by con

tinuous calori.na i.ioa of 11"1.u.iu le hol . Kost of t · e succeeding 

ork on t e o'· loriaation of· le ho ad ae it . ain ~urpos the 

pro uc ion triwhlor acet 1d~n3de . Thou h nu· ~rouc ill~tho s 

f'or ~roduction of cnlor~l ~uve be n develo~ed , he continuous 

cb.lorlna tion of' li'i i al .. Jhol a till 't"e!Ila ins t e co1=,11er cially 

1 po~ nt etnod (9). 

The ~rocess for ~ro uction or ~nloral by acLion of chlor·ne 

on liqui ' lcohol (2) is Qlvlded i nto two sta6~s : (a} t h prep

aration of c lor~l alvoholate (b) its eoaversion into c loral . 

The en.lo ine is passe<1. into srl30.ra ted alcohol with crj st 11 ine 

f-e r1c chlorid~ as a oota..LJst , wlti:l. the reaction i.xture cooled 

at .first • then heated to 60° c., and further to 100°· o. The re

action ie vigorous at first an the slo s don. On cooling , a 

hi te mass o.f obloral a lcohola te is obtained. Tb,is alcohola t , 

hen distilled with sul~uric cid , gives chloral . Varioue by

ro 1i.., t s arc tor · eci ln t o Te c tion of chlorine with li uid a.l -

cohol. e that ave been de tected re 1,1-dichloroethane , 

1 , 2- dlc loroe hane , 1 , 1 , 2- trichlo:roetna n , /j ,(3,p - tric loroei -

anol, eth3l dichloroac tate , unCl c hloro!or.· (2) (18). 

Othe eth.oda :for t be production of cnloral ave bet.n sug-

gested: (a) direct chlorination of a cetula.ehyde ( 26) . (b) treat

, ent o! et ·l for.nate "lt.h th.lonyl ~illoride (13) , (c) distilla-



tion of starch or su rose , i th .,.1anga e e dioxi e ana eydrogen 

c loride (27 ) . and (d) hlgh- pTessure catalytic trea, ent of~ r 

bon tetr chloride with ! or l dehy e and thionyl c loride (12) . 

The i por tance of chloral and its deTivative is t ofold : 

( ) they sho definite s1olog1cal properiies, and (b ) display 

a wi de ran of che..,11c·· 1 reactivity . Chloral has te n foun to 

be a: y notia nn n anti yretic (14) . Var ious other derivativos 

of chloral nave bee foun to b useful p' $iologically . 

1th resvect o it c e ical re ctivit3 chloral is al oat 

universally rea ctive. It reacts ; th hydrocarbo:1s 11 .Phenols , al

cohols, acids . b aes , nd other reagents such as hydro. en sul

fi e , halogens, ho0 pho us hali es , acid c· 1 rides , eyanl d~s and 

cyanates , and o i d1z1ng agents (15) . 

Since the r eae ion of chlorine w1th 11qui alco ol i s con

duoted at a low r· te in our to obtain p a c tic l yields of 

chloral , it wae sus cc ted that the Teac ti n coula. be aeceler-

e ted by a llo'. in:; it .. o t a• lace i n the v por ph ae. Suoh a 

proceos e atcn.'ted by Besson in 1302 ( 5 ). No furthe o 

on vap r - hase chlorination as re po~ted until l 33 , at which 

tl· fkash i ( 1) repo tad .,or on t vapor- phase chlorina ~ion 

o v riou org~nic co~pounds , includin0 etnyl alcohol . ~e stud

ied the vapor- haae r ·a ction of ethyl ale hol 1th 4lor1ne l n 

tn presence of a catalyst , nickel chloride , at ate ~e atu e of 

100° c. In this ea~t lon th producto !or;.1"'C l(e .. e dio lo odi

ethylacetal , dichloro· ce ta l dehyde ethJl alcohol te , and chloro-

acetaldehyde eth3l alco olate . o further ork. on the vapor-

hase c lorin~ tion of ethy l alcohol has been report ct . 



PFELI IN,RY DI cu~sro 

This work consisted of chlorinatin0 vaporiz d ethjl alco

nol at at o J?h r le pressul'e . In the consi era tion or the prob

lem, it was obs rve t:..i.at tile Vt.ria lea in the reaction condi

t1aas could be clans1fied a follows : (a) cata11at , (b) te p

erature, ( c) t'lo rate of chlorin1o:, a d ( ) volu- e ra tlo of 

chlorine to alaobol . 
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In order to sim~lify the 9r bleill nd to conce trat~ on the 

deter lnatlon o! the effects oft e ot er variables on tne reac

tion , no oata1,a was used int is stu y . 

In attac ing t ' e pro le~, it a observed that t vap-0r

phase reaction of ethyl ale hol with chloTint would probabl3 be 

highly exother ic · 1th the possibility o! explosion occaring un

der c rtain conditions of temf,8ra ture and rate of flow of chlo

rine . It as necessary to avol<l explosion of the reaction ix

tur since ·t is caused. carbonization of the alcohol . It was e

a1rable to have the flow rat of ~hlorin as high as poss1 le 

i thou t xplosion in order to obtain in xia1uu1 yield of ro ucts . 

The upper 11, it !or the flo rate waa found to depend on the 

te ,:ature and t e re tio of c lor1ne to alcohol . P eli,ninary 

reaction runs ere ade to de tet' .t1il1e these i.-1its . 

In these run it as ound that a chlorine- to-alcohol ra 

tio of four to one wit a flow Tate of chlorine of thr -e liters 

~er ho' r cul be e~~loyed &l 200° C. lthout ex~loaion of 

th r action ixture . If this flo rat aa ratio er in-

er ased so ewha t • it Nae found that explosions wot.tld occur at 



at a te, tr' ture as lo 0 as 125 c. .tfter these observations 

were ma e , it as ecided that the upper 111 its ~or the reaction 

sh uld be ; (a) chlorine flow of thee lit raper hour , (b) chlo

rine to a lcohol ratio of four to one , and (c} ~ te erature r 
100° c. 

It aa ~1-o obae ved that the reacting gase s nould e thor

ou · ly mixe before being aeaed thr uh the heated tu e . In an 

effort to prev n t con envation of alcohol vapor , a a 11 beatin 

coil · as wound around th.e alco ol deliv ry tube ana ti.le ixln 

unit . Thi s coil ~us re ulated to ate. ~erature of 900 c. It 

was found that with this coil in o~~ra tion exl)loaions ould oc

cur at a temperature as lo as 100° o. 1th a chlorine - to- alco

hol ratio oft ee li ers to three- touTths of a lit r per hou . 

These explosions originat d at th point of mixing , and hen the 

he · tr as not o~e~uti ouch explo ions did not occur . 

The flo ratios of chlorine to alco ol s l cteJ for st,u y 

ere four to one . t v to one . and one to one . These run were 

'de at a te~yeroture of 125° o. indicate· at a ro crenc foint 

selected 1n the reaction tube . T us . it was sup osed that t' e 

effect of varyin the t'lo rat ot' al'-ohol on the re..iction cou.ld 

1.>e d ter ined . 1th a chlorin flo of three l iters per hour , 

the ollo.1 reaction Pvriods were re~uirod to g1v~ work.a le 

~uantities of pro ucts: (a) .four to one r tio--t euty - fo11r hours , 

(b) to to one ratio--eignteen hours , (c) one to one ratio--

t elve hours . Th volu es of' aloohol chlo:rin ted in t hese peri

ods ere forty - to , sit - three , and eighty- four illillters , 

resl'ective ly . 



In orde:r to deter,1ine the effect of teraperature on the re-
, 0 

action. tl;le Jne to one tatio run wao reeea. ted at 100 Q. and 

l :.:00 ·"' 
•.l "'•· 
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~ppara tus. The av~ar · tu for the ~blorinati n i sholn 

di gra, r oti ' !:t lly in Fi gure l. The chlorine ~as c o · erclal gr e 

and ea dra n r a1 the orig inal tank a the ti e of u e. The 

fl o of hl or i n as :regulated by eans of th.e tan va lve. Since 

it as fo~nd that t he chlorine flow f o t tank ~luctuated , it 

was necessary to lace a large :flask bet een tile tan and the 

ctilorination syote.u to act as cusnlon oottle to re ove the 

fluctuatioas. is cushion ottle was equi ped itn a three- w y 

st pcoo' with o ear oonnectin0 to vacuum pump. By ana o! 

this pu_p th.e cu.ahion bottle as e act1ated before the c or i e 

f lo was e un. 

ro; the ouauion bottle the chlo ine ~as allowed to f lo. 

thro g a c ... lciu - cb.loride drying tube , hlch 1.-as e qui . .t:i d • ith a 

topc0ck. Tne purpos of the to.r.,cock a s to s b.ut off ~e cu.,h.-

10.n bottle and drying tu.be fro:11 tile tmos here at the enc. of a 

run. The flow r te o! chlorine was easu ed by allo ing it to 

as through. a oalibr ted tlo eter of t e ty e developed y 

enton {4). The flo meter li u1d f'1,.at used wa pen cb.loroet -

ane. ttter the li ·uid had been in uae ~or som tl • crystals of 

bexachloroethane were for. ed in it , r quir.l.og replace: ent of the 

pentaeh.loroetn&n • Ooncent.:rated sul uric ci<i wa th.en trie a s 

t be .flowme ter 11 u.id and serv d ~e y w 11 . From the fl . et r 

t · e chlo i n flowed through a s~all dry trap , t he pur~ose of 

which wa. to revent alcohol from running back into tll flow -

eter. he dry trap wa s directly connected to tne chlorine-
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alcohol mixing unit . 

The alcoh l aa introduc d into th a~stem bi ,e , sofa 

burette hie a o Ber ed a measuri1 evice ~or the alcohol 

flow. The alco ol dr p d !ro~ •. the bur tte into a las ' h a e 
0 

by e ne of an oil bath at a tem.f,ierature of '30 O. The botto 

of tb. ias1 e of the lask ~ as co ered ith fibrou asbestos , 

hich served o allo th alcohol eva ora · e or uni.f r ily 

than if lt ~ re to fall directly on t s ur face of th1;; f'la • 

The vap rlzing flask wss con cted to th n ing n i t . 

Tb.is l ix1ng unit ( 17) w in e f t dl.U.ln ven uri .• 

ohlo iae inlt:, tuue as ra n to a ... a.t:,1illary • the en o 7'h:l.ch. 

e 

9 

a locat a in the tr at or ~· e v nturi. ih le ho va or was 

lntro uc d throu il · n o ·eni ng ill the i.xin 11,11 t be · in th vea

turi. The pur ose of the ventQri as to insure thorougn ni 1ng 

ot the chlori a t e alcohol va 01 1 !ore it as introduced 

i nto the reaction tube . 

The Teaotion tube consisted o:f tnree concentric glass tubes , 

each forty centimeters in l ength . ne r a c tion ixtut< passed 

throu h th inner ost tube . The second tu e was wound with a 

nichrome Wil'e b. a ting coil , zind \Va.J separated from tb.e nner 

tube by a e d air spa ce . The third tube served to i nsu l te tb.e 

a cono. tu e fr tb.e at. osphere . ?he dia;neters of to. tllree 

ere t nt - :fiv , thir -five , nd fort 1111 e ters , re -

pee i e13 . A tner ooo~ple well wae located in the center of 

til ' nner 1ost tu e . It b.oueed a cb.romtl - alu.u1el Junctioa th :rno-

couple hich could be ovcd t v rious ~o it.ions along tu lea.gtb. 

o:f t~ action tu e . he the ru1ocouple was connect d to a call-



~oint. In addition a 

From the :rea,ation tube tb.e gases passed into a oold trap 

:receiver.- which was k<itvt tllt a oon.sta.ut tet.11per-ature of o0 a. iu 

on.l.y slight :r 

tion vms ta1:en. to 

10 
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( 28 ). 

cohol fell into 'the va.b)o:ri:.:.ing flask every severi S€Hlor1ds, the11 

seven milliliters of alcohol were V~fl.:llrized eaeh hour. Th.is 

The thr;; rc10,:.:,u,t.:,le junction tcJas 

r6:fcn·e::1ce J;;Oir:rt. The te,.npe!'t:i. tu:re 

lit ti cont:Jtant teii1.pe:r,:itare. of' 12.0° O. by tHijusting~ th.e 

coil transfort1er. 'f.he alcohol vapor lzer ber..:. ttt. r vihioh. b.,:iH:i 'been 

12 

s·titute cold trap reeeiver w~rni aet 1:n plt:oe in Uio l:tewaT flask. 

A:fte:r the ·tei,.1perc1 tu:res o:f the neater t:illd vas;orize:ir w~re cotistant 

drop rate ~as controllea 



cohol alone was allowed ·~o pass th:rougb: the system :f'o:r a"bout tif' ..... 

teen minutes in or.a.er ·to swee1- OXJ'gcn :froa th~ e3steru.. Up to 

this point the stopoock of the calciu.111 ob.loriile tube ,\1aa closed. 

The cushion bottle was then evaoua t.ed to reumve all OX3gen,. ?he 

cnlorine tank valve was then Of,ened sl1zhtly to fill the cuah.ion 

·not tle with cb.l0Tit1e. Tbe rl:ry1.ng tube stopcock waa. OJ}ened and 

the chlorine vs.lve ad Justed so that the :flovtmc ter reading ind1-

ea ted n chlorine flow oi' th?'ee liters per h.otir.. A er.nall streai\ 

of water ,;~as allowed to pass throui;b. the wa:sb. tou:er. 

The tei11pe:ra ture ot the reaotion tabo Wtr.2 ob~ervoa to change 

t'dtb. tile riit~ction ft1ix.ture passing throu.gh the tu.be so th\\?i tem ... 

pc,:ratu.re was readJuated t.o 120° c. The urop ti.:nG of aleob.ol was 

checked again and. if not oorTeot was ~dJtuited to the ~roper. Tate. 

The chlo'rine flow wz.1s ~lso oaeeked nnd. a<iJusted if neotHJsar1. 

Iiith these i'aators }iit'Operly aaJust.cd • the burette reading was 

made. I1aiilGdia te lY a:fter tue bu.:re t te read.ing was taken. the sub

s ti tu te cold trap reco iver IT.t':Hl re;;H)Ved and ,;,as repluced b.y & 

clean a ry on6 • 

The terupe:rata·N.l• flot,1 Ti.its. and dro1, tiri1e 11'J~re cb.eo.kea. pe

Tiodicr1lly at i.r1terv21e of not filOre than fifteen .itinutea. After 

the r-eaction had teen &llo:1;~d to run for exactly twelve hours. 

the chlorine flow was shu.t off,. and tl1e stoL,Jcoeks on the d.rying 

tube and. on t,he t-ur·ette were closed. The wash to'liver llilater was 

shut off and the final bu.rette reading wa.s made. '?he r'i'Hlr&ive~ 

l;iUS reJH)Ved and the Te.&otio11 .-aixtu:re was .&,OUY.aci into a storage 

bottle. The s·toruge bottle iiw&S looael1 plUf.ii~iHA. witb. €5lass wool 

to allow th'Si exc~3a kcyri:ro,;en ohlo-rit.ie in aolu.·tion 'to esoo1te. 
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solid :potassium carbonate was 

pot. 



The hydrogen chlo,-ide in eolution acted ae a eona.,n1s111g ii;g:-ent 

for the foraKt tion of ac~ tals. Water, ll'whlch ~d becx1 cooled to 
Q 

app:ro.xi,m.1 tel; O · o •. , was oircale: ted through the aondenaer. by 

fiiixtu:rc was re:fluxed for ;3 1,e:r.iod of eight b.ours, the.n t·T(:H:,ted 

\!,i t.11. calciu,.i ea:.rbona te to mnit:ri1lizo the exe~sa l'l1drogen ci,i,lo-

16 

On refluxing, the r(lactii,n mixtures were obee:rved to becoii1e 

badly ctiscolo:reci. It 1;1~s foand that, if· tbe react,ion mix.tu:res 

tor at leaSit twenty-fou.?" hours bei):,re reflu.x1ng, the discol 1vra

tlon oa :refluxing was i3Te~tly deorsa.eed. Thia ,mi.tine: f,f:riod 

ually decTease as uigb.e:r-boiling fractions were being TEH.'.!HiVed. 

Tb.is o.eoomptH?ition was .1i1:nim1ze,d by vacuum diat1llation. Since 

The separation frOefHiu:re !in~liy uzed was as follov;s: (a) 

the :reaction :aixtures w~re allO\.H:H! to sttlnd fol" u t lec:i.st twen1ty

fott!' h.olll"S atteT fo:rzmation be:.t'orfJ further t:reett0Jent; (b) an a-
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n1olmt of ettcy'l alcohol equal to the 1i1e1gb.t of th.e :reaction mu
tu:re and one-third of tnis weight of calcium chloride t"~ere a.deed 

to tne i"tHH1 tion miJttu:re ~nd th.ts mutu:re w.aa tb.en refltUted ~or 

eigh,t hour·s; (c.J. the reaction ,:n.ixtures wette th.en treated with 

oalciu.m carbonate to neu.tr&ltz.e the ·hydrogen cb.lor1de present •. 

and filtered; and (dJ the.e.e filtrates 'ii'Je:re then :t'raetionallJ 

distilled u.nder reci.uced fttessure. 

At one point in eaoh of the ilist1llat1ona it W.ila ol'.,-ser-ved 

thiillt the ~iatill~te qons:tsted of two im.niseible layers. !lle llP

pe?" la3e!' was found to contain water. while the lOWli't' laye!' ean

sieted o:f a:rganie liquid. Diatillid;ion V!lae continued until onl9 

one phase waa being received. ;.,t this point the two phases were 

sepcTated and the organic layer was :returned. to the atill-pot .• 

Tile water !{;Iyer w2:a diaoarded. 

The data compiled :trom tne diatill&tione a~e. sh.own· 1n f(!lbles 

1. 2, 3, 4. and a. 
1\nalzsis. Tb.e re:fractive index was deterhli.ned tor esoh out 

of eaoh. distillation.. Ft>?' each p.latoau out the density WtiH3 also 

determined. The values for theee IJl'Ofiertiea a:re ab.own la t.kle 

tables,., 

It, baa been !'eporteli that aoe tal forms an aze trope with eth

yl alcohol wniab. boile at 1a.a0 0.(3). For t.b.is :re1aaon, the euta 

which had a boiling coin.t in this ra11la;e were co~1b.Lned fo:r eaoh 

distillation and analy£ed for acetaldehyde, to which tb~ acetal 

was hydrolyzed, by the following .meth.oo. (16}. A saturated &que,

ous solution of 2.4-dinitropheeylhJdrazine which was also 2 1'l 

with hydroehlol'ie ac1& was pt'.epsred. A f'e,w di-o_pa ot acetalde._ 



185 

165 

165 

111 

111 

111 

111 

111 

111 

Chlorine: lcohol-1 n 

Boillng 
fo:tnt 
(DC.} 

~4 

44 

44 

~1'7-i,:J~ 

4rg_53 

53-94 

~ll "' ,, 

9«1'-95 

9 

? .ne 
7 .92 

7 .83 

2. 

? • 

2 • 

l • 

7 • •1:l 

6 • 

tu:re-1500 

1 • ::"1641 

1. 

l.35f!f3 

1 .37()8 

l .4le9 

1 .. 4-~?,71 

l .,r1a.5 

l.4170 

1 .. 

17 ,. 



Cut Pressure 
1:40. {~.) 

Table 2 

Chlor1ne:Alcohol-l;l 
Temperature-12~0 

Boil in~ 
Fo:1.nt Weight 
( oc.) ( g~) 

Refractive 
Ind.ex 
n..-r33° ;,,-

--------------------, ·-·-·-· --------~----
lb 165 4,.5 6.82 1.3593 

2b 165 45 6.59 1.3580 

3b 155 45-46 6.'14 1.3581 

4,b 165 41:6-49 7.24 l.35P3 
--Wate:r removed. 

5b 57 47! 3.23 1.3923 

6b 37 45-47i 2.41 1.3898 

"lb '2:·" ut) 44:-69 2.81 1.4201 

Bb 56 69-71 8.37 1.4,149 Density-( 33°} ··l .0198g/ml.. 

9b 36 ?1-72 e .• 47 1.4154 



Chlorine:Aleohol-A:l 
Temnerature--100 

Bolling 
Cut Pressure Point. Weight 
Mo • (mm.. ) ('' C • ) { g. ) 

Hefractive 
Inde:x 
nu-33° 

le 165 44-45 11.0B 1.~,600 

2e 165 45-45i0 r:t. p;1 1.3580 

3c 165 45·! 10.03 1.3580 

4c 165 45! 5 .. 50 l.3588 

5c 165 4~- 1.88 1.3590 

6e 11:.:; 40-4.fi 1.81 1. 3?'li.:1 

7e 113 48-49 1.90 1 .• 3903 

Be 111 5~ 1.96 l .4f!Ol 

9e 111 5?-g2 4.28 l.4275 

lOe 111 92-94 5.85 1.4159 

19 

Remark a 

·--

----·!:~ter removed. 

llc 111 94-96 7.?l 1.4169 'Density-( 53°)-1 .. 0~·illg,&nl. 

l2e 111 96 3.58 1.416P. 
_ ,,,___ -~ -_. __ ...._.. __ .~..,._,_....._. .... _______ ..,--.~ ~,1,t,I'-., _ 



Cut .Pressure 
t-ro. (mm.) 

ld 166 

2d 166 

3d 166 

,}d 113 

5d 113 

6d 37 

7d '57 

13d j,~!r:1 
•.] f 

9d :,57 

10d 37 

Boiling 
Point 
{ oc.) 

46* -,,g_,'E-p 

4511-46 

46-54 

47-50 

50-52 

46-65 

65 

65-71 

71 

71 ... 64 

Vlei~ht 
( g·:) 

13.65 

5.'78 

1.:54 

4 .71 

;5 .77 

3 .. ~};2 

it; .11 

<) 
1:... .,9::: 

6.?l 

2.17 

Refractive 
Index 
.n .. 9;,;;;,0 n-v,,, 

lr.3590 

1 .. 3600 

1.3913 

1.4518 

20 

----~'ls. ter removed • 

li.4190 :Oens1ty .... (33°)-l .. 097lg/ml. 

1.4181 

1,4108 



Cut Pressure 
m,. fmm.) 

165 

l.:;i5 

Se 1G5 

4,Z, 

5e 

6e 37 

70 3? 

-J?~~ 
.,,') { 

Ohlorin@:: nlcohol-4- :1 
Temr,er~tl1re-1250 

44 1 • 5() 1 • 

441-4;:'., 13 .. 1 • 

4-5--51 1 • 1 .35~}-0, 

f'? .tn 1 £1::.t:~ri 
•· ,,.~i'_,,<i.~ 

f)~-?-fil l • 1 .4 

61-172 1 .01 1 .4~"11 

72-75. l • 1 • 

? 5 () .• 7fJ 1 • 

95-fH5 6 . 1.4-301 

21 

~----15J~ter • 

Dene 1. ty- ( )-1.121751$/ml. 
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fll-

tee. until furthel' 
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ta 

zones 



Table 6 

Derivati.ves ~--.-.~ ...................... ,,_, ............. ~ ............. ..__.. ................... ~~----~ ......... --~ ....... --~.,.~ .... --~ ..... ----........ --..... .-~ .................. _______ 
Out Weight 
:No. 2,4 .... J>ini tro-

lan 2a 
3:~ 

1~1 ::J 
~~.] iSo 
4c 
tic 

~~} 
le1 
2e_s 
£ii 

Sb 

llo 

9d 

9e 

phe nylhyd raz o i1e 
(g. ) 

1.0406 

0.7863 

0.7484 

0.6666 

Oot3Z23 

Hielting Point 
2,4 ... Dinitro

phe nylhyd ra zone 
( oo.) 

l4b-l48 

141-149 

142-144 

142-146 

14,(i, ... 148 

Caleula ·ted %· Oonvexsion i\'le 1 ting ?oint of 
Weigh't of .:Ucob.ol other 

Aeetuldehyde to Derivatives 
( g.) Aoetaldehyde ( oa.) 

0.2068 

0.155·2 

0.1474 

0.1122 

0.0606 

o.ai 

0.28 

0.:24 

0.21 

0.21 

semicarbazide 
144-146 

Jemicartaiid.e 
143-146 

Sern.ic.arbazide 
145-147 

semicarbazide 
144-140 

Ph.enyl.osazone 
164-170 

00 
~ 



gurdc la3or wh.ich se,para ted was taken, it 1;was obee:rved to be loi,

er th.an th&t of the original ou.t. 

The physioal oonstants of au:t 7d are in good agree.Jent with. 

those f.ound in the literature forD<.~-d1cbJ.orodleth3l etne:r. 

Tb.e value fox tb.e boiling poi,nt at a p~e$sure o:f 31 irun. ealcu.la

tea from lite.Ta ture values ( 24.) is 63° c. · cwm9a1?ed. to ,65° o. -
~hioh ~,.aas the boiling r:,o1nt of ·this .:traction. fb.e literature 

Yalue given :for the dena:iit) of'()( ,{.3-dichlorodieth.Yl ether is 

l.174~./ml. at 2a0 o. (22) OOiitpaTed to the vaiuc fou.na of 1.0971 

f OT tb.:ts com~ou.tw. .• 

It i"as oonolnde.d th.at cu.ta 7a,, 8a, 9a, Sb. 9b, lOe, llo, 

12c, 9d, an.d lOd were chloroaoetaldeh.yde dietb.yl ao.etal. !f'he 

liteTat.i:re value :for the refractive 1nde:x: at 20° c. is l.4111 

(10); the :reported density at 20° o. is l.Ol7g./;1l. (10); ttnd 

the calculated boiling points at ~ressures of 111 and 3? mm. are 

99° o. ano. 12° o:., respectiv-013 ( 10) ( 19 l, !h.e repot'ted ::nel t!nB 

point of chloroaeetaldeh3de ~omiearbazons is l4S 0 o. (6). 

It was concluded that cu.t lle ~ms diohloroseetaldeh,yd@. dieth

ylaaetal. The 11 te,-a ture value :to?· the density o.f this compound 

is l.1383g • .jml. at 14° o. OU}. '1:lle OL1lcul~ted boiling point at 

a prsssu~e o:f 3b mm., is 94° o. (2'1). '.fhe w.eltin.g point of el1ox

al ph0nylosazoue. which io :for;t1elt Wilen diohlo:YoaoetaldehJde re

a~ts with 9henylh3d:raz1ne (8}, is 169-171° o., 



The i,.'\ain ,!Jroducta o.f tile :reaction after tre.at,uent with ethyl 

r1lcohol were found to r.:,e aaetal I ehloroacet~l. 0(,{3-dichloTodietn. ... 

yl ethe!', 

aaetal Bas seen to 
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collected bet~veen the boiling points of the aloob.ol-aeetal Cilts 

and the ehloroaoetal ou't,s. It was $hown that the i':t<tict!orw dis

tilled in thi:.:l range contained eo,1:rJide:r&ble water.. It is obvi

ous th~t these cu.ts also oontaintd compounds other tnan tile ones 

actually ebown to be fl'esent. Th.is was point-ell out b3 th.e fa.ct 

. that tlle rafra·ct.1vc~ index was highe:r. for tb.eae au.ts th:an :t:o:r ans 

o! th·~i:r known· oi:,m~onents. lt ls poaaible that thesa cuts may 

contain chloral. diahloroaeetuldehyde etb.yl aleollolate., oti chlo

ral alcohola te, since eaob.· of these compounds boils in· tile Ta nae 

cov~red by ti.lee$ fractions. 

Thie investieation has indicated several ideas for f'uta:r.e 

wo:rkoTa in the field., .Ii1 Ot>dGr to 1nve~ tiga to tile 1nd1vidWll 

oo,nvounds .tor;ned in the vavor-;,;;hase chlorin&tion of ethyl &loo

b.ol more fully. it would be necessary to n~ve la:rger &ililo1U1ta t.>f 

:reactior1 p:roduets· fOT~ed under Teprod.11oible oondi tions.., It 

might bs possible to dep:reas the fo::rma tion ot aoe tals aad to 

ob.lo:rina te at higher tempexatures by using a large a,aount of wa

ter vapor in the Te~etitHl. Re-eiTeula tion of tile lower-bo111_ng 

yeaction products mir~ht lead to the for;:natio11 of' grea tel' i,rol)or

tions ot m~re ni,shlY ohlo:rinated produ.cts t.h1d a aiore effoeiwnt 

use of the ohloti1ne. 
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llace 

1941 aml attended there until the r2rprit1g l 

In July, 1943. he be$an active se!'Vice the U:nited 

' 
1947. 



Typist: Anne Taylor 


