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T H E  DISTILLATION OF CYANIC ACID FROH AQUEOUS SOLUTIONS 

OF CYANATE 

P. D I R N H U B E R  AND F. SCH~TZ 

D ~ n t  ~ ~ a m ~ l ~ ,  U ~ i ~  ~ ~ m  

In a previous commun~at~n (DIRNHUBER AND SCHOTZ, 1948 ) it was shown that 
the spontaneous ~rmat~n  of ammonium cyanate from urea by ~omefic change in 
aqueous sdufions, occurred to an appredable degree at 38°. Thus it ~emed pos~Me 
that cyanate might be Nrmed ~om urea ~ the body. 

Both the spe~roscop~ and manom~fic m~hods for the detection and d ~ m ~  
t~n of cyanate p ~ o u ~ y  described (DIRNHUBER AND SCHOIZ, I948 ) were s~table for 
pure aqueous so~fions of urea, but con~derabM difficulti~ were encountered ~ tr~ng 
to ap~y these m~hods to b ~ M  matefiM. An M~rnat~e method was therefore 
needed in order to i n v e ~ a t e  wh~her cyanate was present ~ the organ~m. 

Dgt f lh t~n  in vacuo of cyanic ac~, set free from aqueous s o f t e n s  of cyanate by 
ad~ficat~n, has apparent~ never been carried out succe~fuHy. This has been ascribed 
to the ra~d decompo~fion of cyanate into carbon ~oxide and ammon~ on a c ~ c a t ~ n .  
In the N~gdng  communicat~n it was shown, however, that decomposff~n of cyanate 
is rapid oMy bMow PH 5, and that above t~s  p~, espedM]y at low~ ~mp~atu~s ,  ff 
decompo~s very slowly. It ~emed pos~Me, t h ~ o r e ,  that ~ a t ~ n  had been hith~to 
unsucc ~u l ,  not because mild ad~ficafion in vacuo would nece~arily cause com~e~ 
decomposit~n ~ the fibera~d cyan~ a d ~  but becau~ cya~c ac~ was ~ on condens~ 
t~n in an aqueous me,urn,  through decomposition or polymefisation. On t~s  assumption 
a spedM technique for the condensat~n of cyan~ add has been worked out. T~s  paper 
describes a procedure by wh~h a high vacuum ~ a t ~ n  of cyanic add, set free from 
cyanate in aqueous sMut~n, can be ac~eved. Experimen~ with tissues will be reposed 
~ the Allowing papeL 

METHODS 

DISTILLATION 

Princip~.  An acid buffer is introduced into the aqueous cyanate solution after 
the establ~hment of a high vacuum. The water containing the d~t~lafion flask ~ then 
raised to 50-55 % and the vapour given off ~ led beneath the surface of sodium hydroxide 
solution at o °. By avoiding condensation before the vapour reaches the alkali, the free 
acid is caught by the latter and stable sodium cyanate is formed. The latter is then 
oonverted into urea for determination. 
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The apparatus used  N shown  in Fig. I. The  dNt iHat ion  flask (A) con ta ined  the  so lu t ion  of NaCNO 
or t he  biological m a t e ~ a l .  P rov i s ion  was m a d e  for an  a ~ d  buffer  (B) to be a d d e d  w h e n  the  v a c u u m  
was es tab lNhed.  The  sp lash  head  (C) was connec ted  wi th  a tube  (D) wh ich  ended  u n d e r  t he  sur face  
of N a O H  in a dNfiHafion flask (E) cooled in a b a t h  (J) con ta in ing  e thano l  a n d  solid C0a. The  wide 
Nde a r m  of flask E was connec ted  to a # a ~  t ube  Mading 
into a ~ m H a r  d i s t i l N ~ o n  f lasE w h ~ h  ~ s o  was placed 
in an  e thano l  - -  ~olid COl b a t h  (water t rap) .  F r o m  th i s  
flask a c o n n e c ~ o n  wa~ m a d e  to a v a c u u m  gauge (Pirani  
t y p e ,  two w a ~ r  t r a p s  (ethanol-solid COl and  PaOs), 
and  finMly to a tw~)-stage h i gh  v a c u u m  p u m p .  T he  
capi lMry (H) was m a d e  of ~ o u t  ~ a ~ ,  and  was as na r row  
as posNble over  a l eng th  oI IO-2O cm, in order  to ob tMn 
the  bes t  posNble v a c u u m .  The  i h e r m o 4 e g u N t e d  wate r  
b a t h  (I) s u r r o u n d i n g  flask A was e m p t y  when  the  distil-  
~ t ~ n  was s t a r t ed ,  ~md could be filMd a t  a ce r ta in  
m o m e n t  wKh wa te r  of t he  r equ i r ed  t e m p e r a t u r e .  The  
Mde a r m s  and  connec~ ons  ( P ) w e r e  suff iNenfly  wide 
(8- i2  ram) to m a i n t a : n  a good v a c u u m  in flask A.  T he  
d i a m e t e r  of the  t ube  Mading to the  first  wa te r  t r ap  was 
conMderably  g rea t e r  inNde the  flask to p r e v e n t  h f rom 
becoming  occluded by f rozen dN~Hate.  

Procedure. I m m e d i a t e l y  a f te r  s t a f f i n g  the  evacua-  
t ion,  solid COlwas  added  to the  e thanM b a t h J .  P rev ious  
add i t i on  would have  : aused  the  c o n t e n ~  of f lask E to 
~eeze ,  a n d  even  affeI  s t a r t i n g  the  e v a c u a ~ o n  care  was 
t a k e n  no t  to add  exo~ss of COl. W K h  some exper ience  
i t  was easy  to a r r ange  t h a t  a smal l  p a r t  of the  so l u~on  
in  E was f rozen w h e n  ;he  dNt i l la t ion  was ~ a r t e d .  W h e n  
a v a c u u m  of c ~5--o.4 ram.  H g  was a t t a i n e ~  the  acid 
buffer  (B) was  Mt in c ~ e f u H ~  whim keeping t he  p u m p  
gNng.  Shor t ly  b e ~ r e  u ~  t he  buffer  s o ~ t i o n  was exposed  
to a v a c u u m  in order  to a v N d  u n d u e  sp la sh ing  w h e n  % 
was  let  in to  flask A. The  add i t i on  of the  buffer  did  no t  
d imin i sh  the  v a c u u m  to a n y  g r ea t  e x t e n L  If  the  a d ~ -  
t ion  was too ~ n g  d e N y e d  the  l iquid in flask A koze ,  b u t  
wffh some  expeNence  t he  acidif icat ion could be ~ m e d  
so as to avoid  thN.  Af te r  the  buffer  had  been added  ho t  
wa te r  was poured  into the  wate r  b a t h  L and  conNder-  
ab ly  more  sohd  COl was N m u K a n e o u N y  a d d e d  to J .  
I t  now became  e s sen~a l  to keep E m a x i m M l y  cooMd 
by  ve ry  K e q u e n t  addKMns  of sohd  COz to J;  a smM1 
p a r t  of  the  N a O H  in  flask E could be kep t  f rozen 
t h r o u g h o u t  t he  procedure .  T he  c o n t e n ~  of flask A were 
m u c h  below r o o m  t e m p e r a t u r e  even  when  t he  sur -  
r o u n d i n g  t e m p e r a t u r e  was ra ised  to 5 °0 . The  ac tua l  
t e m p e r a t u r e  depended  on t he  v a c u u m ,  which  v a r ~ d  
m M n l y  accord ing  to the  leak  t h r o u g h  capi lNry  H.  The  
d N ~ l N t i o n  was carried on %r o. 5 h when  the  v a c u u m  
usua l ly  r eached  o.I m m  Hg.  The  d e t e r m i n a t ~ n  of a n y  
cyana t e  p r e sen t  in the  dNti l la te  a f te r  e o n v e r s ~ n  i n t ou  

' '  " ~' "xJ 

Fig. I. Apparatus for distillation of cyanic 
acid ~om aqueous s~ut~ns of cyanate 
in a h~h vacuum. Condensation in o.2 
N-NaOH at o °. A = d~til~on flask; 
B = a~d buffe~ added when vacuum was 
< 0. 5 m m  Hg ;  C ~ s ~ a s h  h e a d ;  D = 
wide tube  Mading  v a p o u r  in to  N a O H ,  
con ta ined  in E = r e c o v e r  f l a s~  coMed a t  
o ° by  J = a n  e thano l  b a t h  c o n t M ~ n g  
CO,; H = the  c a p i l ~ r y  ~ r  t he  in le t  of  
Mr, m a d e  of t h e r m o m e ~ r  tubing,  special ly 
n a r l o w e d  o~er a Mng th  of a p p r o x i m a t e l y  

lO-2O cm. I = water  ba th .  

rea  is descr ibed  below. 

M A T E R I A L S  

Pu re  s o d i u m  c y a n a t e  was m a d e  f r o m  u r e a  accord ing  to BADE~ DU~RI~ AND SCHOTZ (1948). 

EXPERIMENTAL 

A series of experiments was made ~ order to ~taMish the opfimM con~fion~ 

Sodium cyanatc (2.+ m~ ~ 200-400 ml ol water was dis~Hed under ~fferent condi- 

~ons, and the yidds of urea iound in the ~ s t i ] ~  a~er conve~on were compa~d~ 

All ~dds  a~¢ expressed in u~a eq~vMcnts of ammon~m cyanat¢. 
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PH and ~rnperature. Ci~a t e  buffers (2 M) of different PH were added  (20-40 ml to 
each IOO ml of solut ion in flask A).  Ci t ra te  buffer was chosen because of ffs ~ w  vola-  
t i l i ty ,  and  because high concent ra t ions  could be used. In  o ther  exper iments  wa te r  
b a t h  I was raised to different t empe ra tu r e s  af ter  the  add i t ion  of the  buffer. The yields  
ob ta ined  are shown in Table  I. I t  was concluded t h a t  PH 5.0--5.3 was optimM, wi th  
a wate r  b a t h  t empe ra tu r e  of 50-55 °. When  in one control  exper imen t  the  usual  amoun t  
of sodium cyana t e  was Mff ~ a n d i n g  under  o rd ina ry  pressure wi thou t  d i ~ i l l a t ~ n ,  bu t  
a t  a p p r o x i m a t d y  the  t e m p e r a t u r e  usual ly  ob ta in ing  dur ing  d i ~ i l l a t ~ n  (4-8~ and  with  
the  buffer s ~ u t i o n  a t  PH 5.3, 80% of the  cyana te  or iginal ly  present  was des t royed  in 
45 rain. F o r  this  reason the  higher  p~ of the  two (5.0 and  5.3), which gave a p p r o x i m a t d y  
equal  resul ts  (Table I), was thought  to be safer. F o r  the  same reason 5 ° or 55 ° was 
p r e ~ r r e d  to 60 ° for the  wa te r  b a t h  I .  

TABLE I 
HIGH VACUUM DIS~LLATION OF CYANIC A ~ D  FROM PURE SODIUM CYANATE IN AQUEOUS SOLUTION 
(PH IS THAT OF 2 M - ~ T R A T E  BUFPER ADDED WHEN VACUUM 0. 5 m m  H~.  o ~ TEMP. OF WATER BATH 
CONTAINING THE DISTILLATION FLASK. CONDENSA~ON OF VAPOUR IN O.2 N - N a O H  AT o% THE 

CYANATE IN THE DIS~LLATE WAS CONVERTED TO UREA} 

No.  PH T e m p .  N ~  (%Yie]o d f theore~cMO } f  u r e a  R e m a r k s  

I 

2 

3 
4 
5 
6 

7 
8 
9 

IO 
I I  

12 

13 
14 
15 

16 
17 
~8 
19 
20 

2. 4 
2.4 
2. 4 
2. 4 
2. 4 
2. 4 
2. 4 

2. 4 
2,4 

34 
37 
35 
3 ° 
18 
3 
6 
4 

18 
7 

I I  

I I  
18 
14 
20 

12 

13 
14 

~ o 
31 

Condensa~on on filter paper 
soaked in N-NaOH 

I m p ~  cooling 
NaCNO ~stilMd in presence of 
NazCO:~ and NaC1 

Recover contorted water only 
NaCNO d ~ H e d  in presence of 
an equivaMnt of NHIC1 

Condensat~n o/diaillate. Sodium hyd rox ide  (I00 ml, o.2 N) was p laced  in flask E. 
Higher  concent ra t ions  were t r ied,  b u t  these made  the conver~on  of cyana te  in to  urea  
and  the  following de t e rmina t ion  of u rea  more  difficult (see bMow). Other  ~quids  in 
which cyanic  a d d  ~ known to be mcre  s table  than  in wa te r  were unsui tab le  because of 
t h o r  vo la t i l i ty .  

The op t ima l  d i ame te r  of t ube  D was found to be 8 - I 2  mm.  Wffh nar rower  tubes  
smal ler  yiMds were obta ined .  A nar row tube  is kep t  e m p t y  b y  the  flow of a ~  dur ing  
d i ~ i l l a t ~ n ,  and  ~nce  i t  ~ effectivMy cooled, the  sur rounding  sodium hyd rox ide  b 6 n g  
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at o °, some of the cyanic add  probably condenses i n ,de  the tube before coming into 
contact with the alkali; ff ~ then fik~y to be lost at once through decomposition and 
p~ymerisation. Wffh wider tubes the alkafi rises occa~onaHy and the film Mff on the 
~des of the tube effectivdy traps the cyan~ a~d. For the same reason, and to maintMn 
an optimal vacuum in flask A, no at tempt  was made to use ~ntered glass at the end 
of the tube D. 

Experiments were carried out with two condensation flasks E in series. The further 
yidd,  recovered f f~n  the second flask, was found to be of the order of o.5%, while 
the first flask contained 30%. Only one condensation flask was therefore used. 

Before adopting the above procedure another method of condensation was t r ied 
(DIRNHUBER AND SCHOTZ, 1947). A roll of filter paper (WHATMAN NO. 54I), soaked in 
N6odium hydroxide was placed i n , de  a condenser cooled with ethanol and solid CO2. 
The fi~er paper, together with the distillat~ was then treated for conver~on of cyanate 
into urea. The yiMds were always Mgnificant, but smalMr and more irregular than those 
obtained with the method of condensation described above. 

Dura~on o/distilla~on. When u~ng lower temperatures in water bath I the distil- 
lation was carried on for much longer periods. Wffh the procedure finally adopted 
(5 o°, PH 5.3, and other points as described above) the following experiment was made. 
A solution of sodium cyanate (5 ° mg in 2o0 ml of wate~ was distilled with a final 
vacuum of o.I mm Hg. After 30 min the recover  was exchanged for another one con- 
taining the usual amount of alkali. The distillation was then continued for a further 
30 min. Whilst a copious y i~d  (24%) was obt~ned from the first receiver, none was 
obtained from the second. 

Another experiment was carried out to determine whether any cyanate was Mft 
behind in flask A after disti~ing fcr 30 min at PH 5.3 and 55 °. For ihe determination 
of the amount of cyanate Mff behind, sodium hydroxide was added in amount calculated 
to bring the ~t ra te  buffer added during the d i~i~at~n to p~ 7. The r e ,due  was then 
treated, Mmilarly to the d~ti~ate, with ammonium sulphate for conversion of cyanate 
into urea, and the latter was determined as described later. The alkali was added before 
the vacuum was reduced, ammonium sulphate was added, and only then was air let 
into ~he assembly. Thus the conie~ts of fl~sk A were not warmed up until the ammonium 
sulphate had been added. Only 0.4% of the amount of sodium cyanate originally present 
was found in flask A after distilling for 30 min whim a 26% yi~d  was obtained .from the 
receiver flask E. These experiments show lhat  di~illation for more 1ban 3 ° min would 
not improve the yield. 

Convers~n o/cyanate in~  urea in the d~H~a~. When the d~tiHation was stopped, 
and with it the flow of air through flask E, the cooling of the latter had to be interrupted 
at once, in order to prevent the contents from freezing completMy; part of the solution, 
howeveL was always frozen. Ammonium sulphate was added as soon as pos~bM, while 
the solution was still at o °, ~nce cyanate or cyanic ions are known to be conve~ed 
quickly into urea in presence of an excess of ammonium ions. Since some of the ammo- 
nium sulphate added to the distillate w~s used up by ~he sodium hydroxide present ~n 
the solut~n, a fairly large amount (4-5 g) was added. Th~ brought the PH down to 
&o-6.5, as de , r ed  for the conversion of cyanate into urea. 

After thawing ~owly, with continuous agitations, the solution was incubated at 
65 ° for 6 h, in the presence of octanol as bacteriosta~c. Incubation at higher tempera- 
tures gave smaller yields, perhaps because a greater propo~ion of cyanate was decom- 
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posed before und~gNng ~omerisa t~n.  Incubations at Mw¢ t e m p ~ a t u m s  were aban- 
doned, because they had to be proMnged, and because of the great error which could 
then be caused by slight bacterial contam~af ion  with umas~contNNng organ~ms. 

After incubation, the v o ~ m e  of the sMufion was reduced in vacuo (out ,de  tem- 
p ~ a t u r e  65~ to approx imate~  IO-I  5 ml. I t  was found conven~nt  to keep the contents 
of flask E ~ the same flask throughout the procedure so far de~ribed. The materiM 
was then removed, and the flask washed ghree times with minimal amoun~  of w a ~ L  
The urea content was then d ~ e r m ~ e d  as de~f ibed  b~ow. 

D # ~ t  ~ r m a t i o n  o! urea cyanic acid. Duting experiments with tissues, to be reported 
~paratMy,  the question arose wh~her  the amoun~  of urea found in the ~ f f i a ~  were 
~deed  due to converted cyanate. To investigate tNs pNnt,  one hMf o n ~  N the ~ a t e  
was ~ea ted  with an a m m o n ~ m  sak for conver~on of cyanate ~ t o  urea, and thereafter 
the urea content of both hMves was ~pa ra t e ly  de~rmine& Although MgNficant~ more 
urea was found in the s a m # e  p ~ o u ~ y  incubated with a m m o n ~ m  ions, an appredabM 
~e ld  of urea was also obtNned from the other h~f.  I t  is known that  % r m a t ~ n  of urea 
occurs when sNu~ons of s o ~ u m  cyanate are acidNed (WER~R a ~  FEARON, 1920 ). 
CyaNc add,  on hydroEMng into ammoNa and carbon ~ o ~ d e ,  p r o ~ d ~  one mMecNe 
of ammoNa  which will react with another mo~cuM of cyanic add,  y M N n g  urea, thu~: 

HCNO + H~O = CO~ + NH~ (I) 

HCNO + NHa = (NH~)~CO (2) 

In order to ~tabl ish  how much urea was ~ r m e d  without any s p e r m  adNfion of 
ammoNum ion during the incubat~n  of the ~ 4 ~ a t e  and, pos~Ny, during the ~ 
t~n ,  the bllowing experiments w ~ e  made. Pure sodium cyanate, ~ doubly ~ass-  
~ e d  wa~r ,  was ad~f i ed  in  vacuo and ~s t i l~d  as described above. One hMf of the 
~ i l l a t e  was brought to p~ 8 by  ad~f ion  cI a c ~  and,  and then an exce~ ~ a m m o n ~ m  
su lpha~ (An~ag  was added, wNch brought the p~ to c. 6. The o t h ~  h ~ f  of the ~ s t i l N ~  
was brought to the same p~ by ad~f ion  of acetic add.  Both s a m ~  were ~cuba ted  
~ r  3 h at 65 °, and ~d u (ed  to a v d u m e  of ~ p p r o ~ m a t ~ y  IO ml ky  ~ a t ~ n  in  vacuo 

(air for ~ a k  through N-sulphuric acid). Urea was then d~ermined.  
Both s a m ~  Mways contNned urea; c. 25% of the usu~  eqNv~en t  yield was 

found to be converted into urea wRhout p ~ o u s  incubation with a m m o n ~ m  ion. 
Since any urea found in the ~ i l l a t e  could o n ~  have come from the ~ a t ~ n  of 
cyan~ add,  the amount of urea found without ~ c u b ~ n  with a m m o n ~ m  ion repre- 
sents the y i~d  obtained accor~ng to e q u ~ n s  (1) and (~); that  obtMned after incu- 
bation with ammonium ions m ~ u s  that  obtNned without ~cubaf ion  with ammonium 
ions r e p r ~ e n ~  the y idd  from s o , u r n  cyanate, the latter having been ~ r m e d  by con- 
vernon of the free acid into s o ~ u m  cyanate:  

HCNO + NaOH = NaCNO + H~O (3) 

~ ~ a C ~ O  + ( ~ z ~ ) ~ o ~  = NhSO~ + ~ ( ~ H ~ C O  (4) 

Whilst two mMecu~s of cyanate y i~d  one m o ~ c u ~  of urea accor~ng to (1) and (2), 
o n ~  one m~ecule of cyanate is needed to ~ d  one mMecule of u ~ a  accor~ng to 

(~ and (4)- 
In two experiments with 2. 5 and 5 mg of s o , u r n  cyanate d i ~ d  in ~oo-3oo ml 

of w a ~ L  15-17% (mean z6%) of the urea eqMva~nt  of the cyanate were found in 
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one hMf of the distillate on incubation with ammonium ions. Only 4% were found in 
the half incubated without ammonium ions. Thus c. 16% was converted into urea 
according to (I) and (2), p rov i~ng  a y idd  of hMf this amount (8%), and c. 24% of the 
cyanate ori~naHy present was ~ a n ~ o r m e d  according to (3) and (4). The t o t ~  amount 
of cyanate which could be accounted for was thus of the order of 4o%, giving a y idd  
of only c. 32.5%. Approx imatdy  60% must be a~ umed  to have been lost during the 
procedure, since aff¢* the d i~i l la t~n prac tcaHy no reMdue of cyanate ( <  0.5%) was 
left behind in the d~t i l la t~n flask A. 

Da~mina f f on  o/ urea in the distilla~. The urea content was determined by the 
procedure of ENGEL AND ENGEL (I947), a vMuable devdopment  of the xanthydrM 
method (FossE, Ro~I~ AND FRA~$OIS, I9 I  @, depending upon a cMour reaction of 
dixanthylurea with sulphufic acid. The presence of the large excess of ammonium 
saKs, added for the conver~on of cyanate into urea, excluded the use of those methods 
for the determination of urea which invMve NessMrisat~n, aeration, etc. 

The spedficffy of the xanthydrol  method was checked by  incubating a sample 
of the same materiM for I h at 5 °0 with urease (aqueous jack bean extracO. The latter 
was removed by addi f ica t~n to p~ 5 with acet~ add,  immerMon in boiling wateL and 
complet~n of the p~edpffa~on with ethanM ~ voO. Ethanol was removed from the 
centrifuged and filtered solution by d i~i l la t~n i~ vacuo. Urea was then de te rm~ed 
according to ENGEL A~D ENGEL (1947). 

A blank contMn~g the amount of sodium hydroxide usuMly p~ced in the ~ec~ver, 
together wiih acetic a d d  and ammonium ~ulphate in the amoun~  usually added to 
the distillate, was incubated ~i th  and without urease, and the urease removed as 
described above. No predpi ta te  or eMour was obtMned. IL on the other hand, urea 
was added to a ~m~ar  b~nk,  after the elimination of urease, the recovery was quan- 
tffative. Thus, by treating a p a ~  of the distillate with urease, the s~nificance of the 
resul~ obtMned by  the method of ENGEL AND ENGEL was greatly increased. 

Po~t ive  resuKs were Mso obtMned on many  occasions by means of the manometric 
method of KREBS AND HENSELEIT (1932). The vMume of the di~illate had to be reduced 
to c. 2-3 ml for use in a WARBURG-BA~C~O~T m a n o m e t f c  v e n d .  The di~illate, after 
incubation with ammonium ions, was therefore reduced in vacuo to a v ~ u m e  of c. IO roll 
and then dried in a defeca tor  over phosphorus pentoxide. The r e , due  was f indy pow- 
dered, dried thoroughly in vacuo, and finally extracted with absMute ethanM under 
anhydrous conditions. Pract~Mly ~1 the sodium sulphate and ammonium sulphate 
was left behind; this was essent~l ~nce, in such high concen~a t~n~  these substances 
interfere with the ac t~n  of urease. The aMohohc extract was evaporated on a boiling 
water bath, taken up in a smM1 amount of water and the urea determined according to 
KREBS AND HENSELEIT (1932). 

When dealing with the di~illate obtMned from tissues, great difficuRies were 
experienced after concen~ating to 2 ml, because some substances which had distilled 
over were Mso extrm~ed together with urea by  ethanM and were found to be potent 
inhibi to~ of urease. By using an excess of urease and treating the di~illate with hydrogen 
sulphid~ however, evidence for the presence of urea in the distillate was obtMned on 
several occa~ons in this way, but  the yidds  were usually a small percentage of those 
obtained with the method of ENGEL AND ENGEL (1947). Wffh the latter method the 
urea could be predpi ta ted  from a larger vMume. Moreover, when u~ng the method of 
ENGEL AND ENGEL there was no need to dry the sample and to extract  ff with ethanM, 
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since excess of ammonium and sodium sulphate do not inter~re wRh the xanthydrol 
p r e d p ~ a t ~ n .  

The procedure finally adopted was, t h ~ e ~ ,  as %Hows: G ~ c ~ l  acetic a d d  (I-I.2 vol) was 
added to the cooMd s a m ~ e  (usuaEy IO-I5 ml), then  I ml of 5 ~ (w~) xanthydrol  in m~ha nM.  The 
~ f i o n  was kept o. 5 h at  room temp. b e r g  f r equency  agRated with a ~a s s  rod, and 24 h at  4 °. 
N n ~  the c o n ~ n ~ a f i e n  of ~ R s  was h ~ h ,  the sMutCh was then d ~ u ~ d  wilh an a p p r o ~ m ~ d y  e q u ~  
vM. M ~ M y  N ~ d  mcthanM ~ t u r a ~ d  with d~a~ t h ~ u ~ a  (w~Mng ~ N t ~ n  A). T ~ s  p r ~ i p i ~ d  
any  suspended ~ y s ~ l s  of d ~ a n t h ~ u r a ,  and some of the (NHl)#Oa. The lat ter  was q u a n ~ t ~ e ~  
Mim~a ted  duNng the ~ H o w ~ g  3-5 washings of the p ~ d ~  on the ~ n t ~ g e .  5o % (w/v) H~SO, 
was then added to the t h ~ o u g M y  drained ~ y ~ M s .  The amoun t  of H~SOa added, w ~ c h  va ne d  
a ~ o r d ~ g  to the amoun t  of ~ y ~  was noted. Care was taken tha t  a~ crystaN ~ M v e d ,  by fre- 
quently miMng the con ten~  w~h  a ~ a ~  rod ~ r  I h after addit ion of the add .  The c M ~ i m e ~ i c  
~ a d ~  w e ~  made wffh a KING p h o t o e M c ~  c M o ~ m ~  (KlSa, i942), and the amoun t  of urea 
obtMned from a s tandard  curve. On rare occa~ons the ~ t ~ n s  w ~ e  left a t  4 ° o v e r ~ g h t  b e % ~  the 
~ a ~ n ~  w ~ e  made. A ~ d ~ g  ~ ENGEL AND ENGEL (1947), the co~ur  N ~aMc at  tMs ~ m p ~ a t u ~ .  

When known amounts of sodium cyanate were converted into urea, in presence 
of large amounts of sodium sulphate, sodium carbonate, and ammonium sulphat% 
and determined as described above, the recoveries were between 95 and 98% in three 
exper iment ,  showing that  pract~al ly  no loss occurs during this part  of the procedure 
adopte~  

Control expe~men~. To check the reagents, and some possible sources of error, 
the fol~wing experiment was made. The usual quant i ty  of water contMning I g of 
sodium carbonate, I g sodium bicarbonate was di~i l le~ treated for conver~on, and the 
urea content determined as described. Even though there was no cry~alline precipitate 
after the addition of xanthydrol,  some predpi ta te  cf ammonium and sodium sulphates 
etc., was brought down, as usual, on addition of washing solut~n A. This precipitate 
disappeared during the subsequent washing procedure, and the final result was nil. 
I t  seemed posNble that  traces of cyanate might have been carried over in very small 
droplets ~ntrained). Although this seemed unHkdy, the following experiments were 
thought to yield some informat~n on the point. An aqueous solut~n of 800 mg of pure 
urea, fleshly prepared, was placed in flask A and di~illed as usual. The ~ i l l a t e  gave 
a blank, showing that  no urea had been carried over by d~ect trans~rence, by splashing, 
or as smM1 droplets. I t  is hardly pos~ble that  as much as 3o-37%, the usual yield, 
could have been carried over in this way. 

RESULTS 

Representative results are shown in TaMe I. I t  can be seen that  conNstent y idds  
were always obtained when optimal condit~ns were maintained. When large as well 
as very small quantities of cyanate were di~illed (Exps. 16-18), the losses seem to 
have been greater. Neve~hdes~  so small an amount as 24o #g of sodium cyanate in 
water stiU gave a yMd (37 Fg) which was quite easily detectable. The presence of other 
salts Carbonate, etc.,) seems also to lower the y M d  (Exp. 15). The loss of c. 6OTo under 
optimal conditions ~ probably due to decomposit~n of the flee a~d  into carbon dioMde 
and ammonia,  and to polyme~sation. 

We are indebted to Prof. A. C. FR~ZER for his h~p  in the presentation of the resul~ 
contMned in thN papeL to the Medical Research Council for a grant to one of us (F.S.) 
in aid of equipment, and to the Board of Mental Disease  Research for financial asMst- 
ance. We also acknowledge techn~al  a s ~ a n c e  by  Messr~ J. DAvis A ~  W. DuN~. 
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SUMMARY 

I. Cya~c ac~  can be d~tilMd from aqueous ~ f i o n s  of pure s o d o m  cyanate, when brought 
to PH 5~-5.3 in a h ~ h  vacuum. 

2. X¥ithout s p e r m  arrangemen~ ~ r  conden~ t io~  the a~d  undergoes r a # d  and complete 
decompoAfion ~ a neu~M aqueous med~m,  even at  o °. 

3. ~ the ~ee acid was condensed ~ O.l-O.2 N-~o~um hydro~de  at  o °, v a r ~ n g  amoun~ we~  
~ a n s ~ r m e d  into the more stable s o d o m  cyanate. 

4. So~um cyanate ~ e n t  ~ the d~fiHate was conver~d into urea by ~cubat ing  with an e x ~  
of amino ,u rn  ~ns.  Y ~ s  of 30-37% of the equivaMnt urea w ~ e  ~ g ~ a f l y  o b e y e d  ~ o m  d i C t a -  
tions under optimM comfitionm 

5. A part  of the cya~c acid was hydrMy~d du~ng the procedure, t i e i n g  one molecuM of 
ammon~,  wh~h,  w~h another molecule of cya~c a d d  gave one mMec~e of urea. Thus some urea 
was ~und,  in the ~ e  without pre~ous ~cubat ion  wffh a m m o ~ u m  ~ns.  

6. Op t ima  conditions ~ r  the procedure are d e w , b e d .  

R~SUM~ 

I. L ~ d e  c y a n ~  peut ~tre d~tiH6 ~ part ir  de solution aqueuse de cyanate de ~ u m  put  
apr~s addification de ceHe-ci A PH 5 . ~ . 3 ,  et sons un ~ d e  pouss6. 

2. Si l%n ne ~ e n d  pas de precautions sp6ciales pour sa condensation, 1M~de sub~ une d ~ o m -  
poMtion ~ # d e  ~ ~ e  en m ~ e u  aqueux neutr~ m6me A o °. 

3. Si l%~de Hbre est condens6 dans une solution de soude ~ I ~ . 2  N A o °, d ~  ~ ~ f i a M e s  
en sont ~ a n s ~ r m ~ s  en cyanate de ~ u m  # u s  s~Me.  

4. Le cyanate de ~ u m  pr6sent darts M d A ~ h t  se ~ a n s ~ r m e  en urbe par incubation a ~ c  
un exc~s dqons N ~ .  Darts des cond~ions optimMe~ on obtient ain~ des ~ n d e m e n ~  de 3o~7  % 
de l~r~e ~ f i q ~ .  

5. ~ e  f f a ~ n  de l ~ d e  c ~ e  est h y d ~ e  au cours de l%p6ratio~ ~ u r ~ a n t  une 
~ de ~ ,  ~ r~ag~sant ~ u ~  ~ ~ d ~  ~ ,  donne une m ~ e  
dMr~e. On ~ouve AnA un peu dMr6e dans le d~tiHaL m~me sans incubation pr6ahMe avec des ions 

6. Les cond~ions Ms mMHeu~s pour la m 6 ~ e  sont d~cfiMs. 

ZUSAMMENFASSUNG 

I. ZyansAure kann aus wg~figen L6sungen reinen Natf iumzyana~ destHHert werde~ wenn 
diese im Hochvakuum auf PH 5.0-5.3 gebracht werdem 

2. Ohne besondere Kondensationsvorrichtungen wird die Sgure in neutraler w~issfiger L6sung 
sogar bei o ° schneH und voHstAndig aufgespaltem 

3- Wenn die ffMe S~ure in O.l-o.2 n Natriumhydroxyd kondenAert wurde, wurden varHerende 
Mengen in das stabflere Natriumzyanat  umgesetz t . .  

4. NatfiumzyanaL das im Destillat anwesend war, wurde dutch inkubafion mff Oberschnss an 
Ammoniumionen in Harn~off  fibergeffihrt. Ausbeuten yon 3o-37% der aequivaMnten Harnstoff- 
menge wurden regelm~ss~ ans DesfiHationen unter opt im~en Bedingungen erhalten. 

5. Ein Te~ der ZyansAure wurde w~hrend des Verfahrens hydrolyAerL wob~ ~n  Molekfil 
Ammoniak e n ~ t a n ~  das m~  ~ n e m  anderen Molekfil Zyansgure ~ n  Molekfil Harn~off  ergab. Da- 
dutch wurde auch ohne ~ h e r g e h e n d e  Inkubafion m~  Ammoniumionen etwas Harnstoff im Destifiat 
~ngetroffen. 

6. Opt im~e Bedingungen ffir das Verfahren werden beschfieben. 
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