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SUMMARY 

The.separation of urea type compounds was studied by using thermal reaction 
energy detection automatic liquid chromatography. A strong polystyrene-based ion- 
exchange resin was used as adsorbent, activated in types of sulphonic acid, sodium 
sulphonate, and ammonium chloride. 

The highest thermal detection sensitivity on liquid chromatography, & 3/10000~, 
full scale was tested while changing the concentration of the eluent, namely 1.0, 0.1, 
and 0.01 N hydrochloric acid ancl water. It was illustrated that the sensitivity and re- 
producibility of the thermal reaction energy detection method were superior to those 
of calorimetry in quantitative microanalysis of urea type compounds. 

INTRODUCTION 

Urea type compounds are of great importance in the chemical and pharma- 
ceutical field and also as products of protein metabolism. However, only a few 
workers have studied the separation and quantitative analysis of these compoundsl. 
In automatic liquid chromatography, the detection method has to be applicable to 
all the components in the mixed sample. But unfortunately we have no report of a 
calorimetric method of detection common to all urea type compounds. 

The authors propose to carry out the microquantitative analysis of urea type 
compounds by a universal thermal detection method in conjunction with automatic 
liquid chromatography. The thermal reaction energy detection method has been 
investigated by NAONO AND Pfit~~1.2 and TAMURA”. By using a thermistor as the 

l Paper prcscntecl at the rot11 Symposium on Liquid Chromatography, Kyoto, Japan, 
July I&h, rg66. 

l * Proscnt aclclrcss : l%.culty of Pl~armaceutical Scicnccs, Kyoto University, Yoshida. 
Kyoto, Japan. 
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Fig. J. Schematic diagram of thermal clctcction automatic recording liquid chromatograph 
(JLC-;!A). 

sensing element in the detection column, the variation in the heat of reaction between 
the sample and the packed material can be effectively measured. However, a means 
has to be devisecl to heighten the reaction energy and to eliminate the variation in 
the external temperature and noise from the electric circuit in order to increase the 
S/N ratio. When measuring over a period of hours at a time, the variation in 
the room temperature occasionally causes noise; thus the apparatus is set for the 
high sensitivity of & ~/IO 000~ full scale. 

The influence of the ion exchange resin and the eluent on the retention volume 
and the sensitivity of cletection were examined. The authors obtained further infor- 
mation by measurements on the differential curve and from the peak heights and 
peak areas (as shown in Figs. 5 and 7a). As a result, the authors are confident that 
they can quantify urea type compounds by automatic liquid chromatography by 
use of the thermal reaction energy detection method. For microquantitative analysis 
of these compounds, the sensitivity and reproducibility of the thermal reaction 
energy detection method are superior to those of calorimetry. 

TI-IEORY 

With regard to the thermal reaction energy detection method, ion exchange is 
a means by which the reaction energy can be intensified to the highest degree when 
the sample migrates between the stationary and the moving phase. In a ,neutral 
solution urea type compounds exist in a state of partial clissociation but after studying 
the adsorption mechanism of all these compounds under basic and acid elution 
conclitions it was impossible to reach any conclusiotis regarding any increase in 
reaction energy. As the ion exchange process cannot be regarded as the only mecha- n 
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nism, L%IIOtlI(?i adxorptinn mcc~l~anim~ must alSO pl’lay a role. The aromatic rings of tl~e 

ion esrhange rrsins of tllc poly5tyrcnc type ha\re ,7-elertrons, and the z-electron is 
capable of aclsorl~ing man!- kinds of materials as molecules. Thus the authors presume 

that Iwl!~st!wnc t!,lv ion c~sc.linnge resins tend to adsorb urea type compounds as 

moleculrs. .4fter studyin g the effect that this tvpe of exchange resin has on the 

ad~orI~tiiw 01‘,~-c4cctrons, iin attcnlllt was made to find the conditions whereby the 

reac?ioii *qierj:y lx+~w.~u tllc rchin and tllc uwa type c~m~pincls is intensified to the 

hifillc’st dcgrw. 
l>iffmwit iml cs~lmy,c 1’ 8 groups muse tile ~xriation5 in tlif swelling of the resin, 

ant1 tIlta \xri;ltion in tllc s\\x~lling d tlIt% aclbi;t~rlxwt affects tlic rcwlution. \Vlien these 

.1~1.01-1~~~l~1~ Xl.1 ~~~~l~cd ill ;I (column, tlw rea~~tion energy varies accorclin~ to the 

;~dscq~tioii ant1 tl~wq~tioii lm~wsscs, in addition 5;ensiti\~ity also varies arc-oi-ding to 

column condition. Ho\vc\w-, tlw adsorption rncc~llaniw nfiects tlte sensitivity more 

tlun tllc ~olun~n c:cmdition, tllough the variation of the column condition still has 

an t$fwt 011 the i-ctention ~mlunic. Therefore \vlien the sample amount is constant, 

tlw s;iliallvr tlic retention ~x~lu~iic, tlie narrower \vill lw tltc baw width of the peak, 

and tlic liigllcr tlie peak I~eiglit. 
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Fig. 3. Pcslc width and retention volumes of compounds related to urea in thermal detection 
liquid chromatography. Plow rntc : 0.46 ml/min. Temperature : separation column, 35” ; clctcction 
column, 30~. Separation columns: (A) Dowcx 50 X8, I-I+, 200-400 mesh, regraded, 0.8 x 15 cm, 
0.01 N I-Xl; (l3) Dowcx 50 X8, I-l+, 200-400 mesh, rcgrndcd, 0.8 x 15 cm, 0.x N I-ICI; (C) Amberlite 
CG-IZO. I-l-+-, 325-400 mesh, regraded, o.S x 15 cm, H,O: (D) Amincx III X12, I-I+, 400~Go0 mesh, 
o.S x 30 cm, I-I,O: (E) hmberlitc CG-120, NR+, 325-400 mesh, 0.8 x 15 cm, I-I,O; (I?) Ambcrlite 
CG-400, Cl-, 325-400 mesh. 0~8 x 15 cm, I-1,0; (G) Amberlite CG-400, Cl-, 325-400 mesh, 0.8 x 
50 cm, I-1,0. Detection columns: (a) Dowcx 50 XS, I-I+, 200-400 mesh, 0.8 x 7 cm: (b) Dowcx 
50 X8, Na-l-, 200-400 mesh, 0.8 x 7 cm; (c) Dowcx I X8, Cl-, ’ 200-400 mesh, 0.8 x 7 cm. 
Abbreviations: 
urea; G 

l3iu = biuret: 1-RuU = levl.-butylurea; D.D. = clicyanodiamide; EtU - ethyl- 
- guanicline carbonate ; R/IOU = mcthylurca ; NO,G = nitroguanidinc ; l?hU = phcnyl- 

urea ; ThU = tliiourca : U = wca. 

RETENTION VOLUMES OF COMPOUNDS RELATIZD TO UREA AS DIZTIERMINISD BY THERMAL DETBCTION 

LIQUID CHROMATOGRAPHY 

Flow rate: 0.4G ml/niin. Separation column : 0.8 x rg cm (35’). Dctcction column: 0.8 x 7 cm 
(30”). Sensitivity: f x/1000’ full scale. Chart spcecl: 30 mm/h. 

ET,0 o.or N 0.1 N x.0 N H@ 0,or N 
HCI HCI HCl HCI 

Biurct 15.9 22.2 2x,0 - ‘I’hiourca 23.5 
Dicyanoclinn~iclc 21.5 27.1 26.5) 

23.7 
2Gs3 34.5 34.7 

Nitroguanidinc 
27.3 33.8 34.3 34.2 

- 40.7 37*5 

ss c 

- 34.7 - 34.5 

Urcn 106.7 113.1 IO8 IS.2 

Methylurca X36.6 
Ethylurca 

154.1 ‘145.1 

18.4 
- IS.9 

- 226 - 20.2 
krf,-Butylurca 

203 18.4 rg.6 
- L - - - 30.4 29.9 
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sodium sulphonate type, and a triall~ylammoniun~ chloride type. The experimental 
data of TAKIMOTO AND YAO, who used a tri&kylammonium hydroxide type resin, are 
comparedl. As the shape of the resin (spherical or crushed) and the linkage of the 
resin change the ion exchange capacity, these experiments were carried out under 
carefully controlled and constant conditions. The particles of commercially available 
resins were regraded. 

‘Urea and methylurea showed very large retention volumes with respect to the 
sulphonic acid type resin, as depicted in Figs. z and 3. Conversely, these two com- 
pounds showed very small retention volumes on a sodium sulphonate type resin and 
a trialkylammonium chloride type resin. The variation in the eluent solution (water, 
0.01 N and 0.1 N HCl) did not affect the retention volume when the sulphonic acid 
type was used as depicted in Table I. In the case where 1.0 IV HCl was used as eluent, 
biuret, thiourea, and dicyanodiamide showed almost identical retention volumes, but 
the retention volume of urea was greatly decreased. Thus by increasing the hydro- 
chloric acid concentration, the adsorption of urea was attained predominantly through 
the ion exchange mechanism ; however, this was not true for biuret, thiourea, and 
dicyanodiamide. Accordingly, it is possible to increase the detection sensitivity of 
urea by increasing the hydrochloric acid concentration using the thermal reaction 
energy method. It is impossible, however, to increase similarly the sensitivity of 
biuret, thiourea, and dicyanodiamide. It is known that the plr’, of urea differs only 
slightly from those of biuret, thiourea, and dicyanodiamide, but the variation in p1-E 
in the eluent has a great influence on the contribution of the ion exchange mechanism 
to adsorption. This is very important not only in qualitative but also in quantitative 
analysis. Even a urea having a large retention volume increases its detection sensi- 
tivity in proportion to the decrease of hydrochloric acid concentration in the e_luent 

VARIATION IN PEAK I-IEIGHTS OF LIQUID Cl-IROMATOCRAM OF COMDOUIVDS RELATED TO UREA DUE 

TO A CHANGE IN STATIONARY PI-IASE AND ELUENT 

Conditions, as in l’ablc I. 

Resi?li” Ehwni 

N&to- 
guanidino 

Ambcrlitc CG-I 20, I-I-+ I-I,0 I8 20 38 33.5 - 
(325-400 mesh) 

Ambcrlite CG-120, Na.+ I-I ,o 40 59 SO 72 - 
(32fj-400 ItleSh) 

Amberlitc CG-400, 
D~~vkv5&-~o~s”‘~~) 

. 
(zoo-40; *;lcsh) 

Dowcx I X8, Cl- 
(200-400 mesh) 

Dowcx 50 X8, H+ 
(200-400 mesh) 

Dowex 50 X8, H’ 
(200-400 mesh) 

Cl- I-i,0 , 2.5 HO CO s 57 50 

I-I,0 20 GO 55 3G - 

0.01 N I7 5G 54 35 - 
FTC1 
O.OJ N 6.5 8.5 10.5 8.5 7.0 
I-ICl 
0.3 N 
I-ICI 

4 G G 

a Resin particles repadkd as dcscribcd under XXPERIMIZNTAL. 
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with respect to the sulphonated type resin, as is summarized in Table IIa ; the peak 
widths vary to a lesser degree, as is summarized in Table IIb. 

Accordingly, this phenomenon is not explained by the simple mechanism of 
adsorption and so it is assumed that there is variation in the contribution of the 
adsorption mechanism. The bed permeability values of the adsorbent only vary by 
2% if the hydrochloric acid concentration is changed from I*.O N to o (water). There- 
fore the authors disregarded the permeability value of the adsorbent. The adsorption 
mechanism with regard to the ammonium type adsorbent (resin) is briefly summa- 
rizecl as follows: 

VARIATION IN PEAK WIDTHS OF LIQUID CHROMATOGRAM 01’ COMPOUNDS RELATED TO UREA IDUE TO 

A CHANGE IN STATIONARY PHASI% AN13 ELUENT 

Conditions, as in Table I. 

Elzcent Peak widlk (nzl) 

Urea Thiourca Dicyano- Biwet 
&amide 

-_ 

Nitro- 
panidinc 

Ambcrlitc CG-I 20, 
(325-400 mesh) 

Amberlite CG-I 20, 
(325-400 IYleSh) 

hmbcrlitc CG-400, 
n,‘kV~;-_40;s”$) 

(200-40~0 Ilkh) 
Dowcx 1 xs, Cl- 
(200-400 mesh) 
I~owcx 50 X8, E-I+ 

(200-400 mesh) 
nowcx 50 x5, T-I+ 
(200-400 mesh) 

T-I-C J-I,0 40,s 7.3 8.0 4.2 - 

NEL.’ l-1 ,o 3.y 3.7 4 *3 510 6.3 

Cl- El ,o 3.5 8.2 8.7 5.4 17.0 

Tel,0 5.5 13~2 X3.9 803 - 

0.01 N 5.5 8,3 9.1 0.4 - 
I-1 Cl 
0.01 N 54.7 II,0 1404 8.9 19.3 
X-ICI 
0.x N 46.9 12.0 X7.9 4.0 22.1 

I-ICl 

n Resin particles rcgraclcrl as clcscribccl unclcr EXPERIMENTAL. 

Guanidine and urea have very small retention volumes on the ammonium 
hydroxide type resinr, while thiourea and dicyanodiamide have large retention 
volumes with regard to the same resin. Comparing the ammonium chloride type 
resin with the hydroxide type, the retention volumes of thiourea and dicyanodiamide 
decrease remarkably, but the retention volumes of the latter two compounds are still 
fairly large, compared with the retention volumes on the sodium salt type of sulpho- 
nated resin (Fig. 3). 

The authors thought this comprised the essential difference between the two 
types of resin. However, in the case of an ammonium chloride type, each peak height 
obtained with 0.01 N I-ICl as the eluent was identical with the one obtained_‘when 
water was used as the eluent. Furthermore the peak areas still tended to increase 
because the peak widths of thiourea and dicyanodiamide increased to,a large degree 
and even that of .biuret increased slightly. 

J. Ciwomatog., 42 (IgGg) 226236 
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The samples used were recrystallized and their purity was examined by means 
of the melting point, organic microanalysis and infrared spectroscopy. The samples 
were weighed with an accuracy of -& IO ,ug and the sample was dissolved in each 
eluen t . 

In performing automatic recording liquid chromatography by the thermal 
reaction energy detection method, an elution tank constant flow rate pump, sepa- 
ration system, detection system and recorder were used (JLC-2A). This equipment 
was placed in a room having a constant temperature of 23 & I’. A diagram of the 
equipment is depicted in Fig. I. The connections of the entire eluent system were 
made of Teflon tube (I mm diameter). The detection system consists of a reference 
column and a detection column, which are in a high sensitivity thermostat. The 
sample flows from the separation column to the detection column, passing through 
the tube in the thermostat. Using a thermistor as the sensing element in the detection 
column, the variations in the heat of reaction accompanying sample elution could be 
effectively measured. 

The variation in the reaction energy was recorded 
the sample distribution (as shown in Figs. 4, 5 and 6). 

Sample injection point 

with a differential curve of 

Pi& 4. Relationship between a thermal detection liquid chromatogram and the concentration 
distribution of cytosine. The absorbance at 270 m&J was measured using the fraction collector 
prcscntccl at the 9th Symposium of Liquicl Chromatography, Tokyo, Japan, Deccmbcr I, ICJGS. 
Sample: cytosinc, 5 mg (4.5 x IOQ n/r). Stationary phase : 
Flow rate : I .o ml/min. Separation column : 

Dowcx 50 X8, I-I+. llluent: 2 iV HCI. 
0.8 x 15 tin (40’). Detection column: o.S x 7 cm 

(30~). Sensitivity: f ~/IOOO” full scale. Chart speed: 30 mm/h. ‘Cln =A Retention volume of ther- 
mal cletection chromstograrn ; VIZ’ 
gram; VR’ - T/n = 

= retention volume of TJ.V, absorption cletcction chromato- 
tube volume bctwecn thermal clctcction column and fraction collector; v/n 

(corrected) = v Jt (apparent) - tube volume between cletector column and separation column. 

J. Chromalog., 42 (IgGg)y226-236 
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Sample injection .point 

Sample injection 

.=: 0 - -- - 

.2 I 
2 
f.z I ;; _-- --_ - _1 II3 Urea 

__ ---II 

/ 

- f1/1000~ 
full scale 

bicyanodiamide 

l?ig. 5. Thermal clctcction chromatogram obtainccl as :L cliffcrcntial curve. Peak area = total 
arca of cliffercntial curve (a _1- 1,); Vfi = apparent rctcntion volume; W = corrected peak 
width : IV’ = apparent peak wiclth. 

Pig. 6 Automatic rccorcling thermal clctection liquid chromntogram of urea and clicyanocliamidc. 
Stationary phase: Dowcx I X3, Cl-. Eluent: 0.01 N I-ICl. Flow rate: 0.4G ml/min. Separation 
column : 0.8 x 15 cm (35’)# Detection column: 0.S x 7 cm (30~). Sensitivity: & x/Iooo” and 
& 3/1oooo~ full scale for clicyanoclinmiclc and urea, rcspcctivcly. Chart speccl: 30 mm/h. Samples: 
urea. 0,36 mg ; clicyanocliamide, I.00 mg, 

Prefiaration of stationary jWzass 
Regarding the particle size of resin, generally the smaller it is, the higher the 

separating efficiency will be. The mechanical rigidity of crushed resin is very weak 
compared with that of the spherical resin ; further if the particle size is too small, 
the pressure required for a certain flow rate increases too much. Therefore, both the 
eluent and sample must be taken into account in determining the particle size of 
resirl. Amberlite CG-120 type III, commercially available, was passed through a. sieve 
to obtain a particle size of 325-400 mesh, ‘and the particle size was further adjusted 
so as to be uniform by sedimentation as follows: The resin particles were allowed to 
swell in water and then a quantity of water, five or six times greater than the resin, 
was added to the resin, This mixture was then stirred well and allowed to settle for 
5 min. The floating resin was taken off by decantation and the process repeated 

.I. Chromatog,, 42 (1969) 226-236 
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part of the clution where the peptides containing relatively few ionic groups are 
eluted, a steep gradient would be flowing through the column; as the larger peptides 
(which are more sensitive to changes in salt concentration) begin to emerge from the 
column the gradient becomes progressively less steep. Experimental data supporting 
this conclusion have already been published aa It is important to note that peptides 
containing at least 16 ionic groups required a 0.1 M change in salt concentration from 
the time migration of these peptides was first detected until they moved as rapidly 
as the salt front through the column. This is significant because it implies that purifi- 
cation by “true” chromatography is possible as the peptides move down the column, 

(a>) Lysine peptides were found to have curved adsorption isotherms. Those 
peptidcs containing the greatest number of charges were found to be most sensitive 
toward changes in peptide concentration. Since many proteins and nucleic acids 
contain multiple ionic groups, and since curved isotherms cause very asymmetric 
elution profiles, the best resolution can be obtained when the smallest amounts of 
such polyelectrolytes are eluted from ion exchange columns, i.e., the more sym- 
metrical a peak the less tailing and possible overlapping there will be from one peak 
to another. 

(E) Although, not investigated in this study, various theoretical considerations 
have shown that resolution is directly proportional to the square root of the column 
length, i.e., increasing the column length fourfold brings about a twofold increase in 
resolution20. 
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- A00 

I I t 

0.05 0.15 
Sample amELt (mg) 

I Oo 
1 1 1 

0.4 
Sam$f amount (mgl 

0.6 _ 

Kg, 7. (A) Calibration curves of urea and nitrogunnicline obtainccl by measuring peak heights ancl 
peak areas, Separation column : Amlxrlite CG-400, Cl-, 0.8 x 15 cm (35”). Dctcction column: 
Dowcx I 58, Cl-, 0.8 x 7 cm (309, Elucnt: water. Flow rate : 0.46 ml/min, Sensitivity: f I/xooo” 
full scale. Chart speed: Go mm/h. (R) Calibration curves of urea-rclntecl compounds in thermal 
clctection chromatography. Separation column: 0.8 x 15 cm (3~~). Dctcction column: 0.8 x 7 cm 
(30~). Stationary phase : Dowcx 50 XS, 1-I-b. Flow rate: 0.4G ml/mill. Elucnts: ( -) 0.01 iv 

I-ICI ; (- - -) 0.1 IV I-ICI, Sensitivity: & I/IOOO~ full scale. Chart spcerl: 30 mm/h. I = Dicyano- 
dinmiclc; 2 = thiourca ; 3 = biuret ; 4 = nitro~uaniclinc; 5 = urea. (C) Calibration curves of urca- 
rclatccl compounds in thermal detection chromatography. Separation column: 0.8 x rg cm (35’). 
Detection column: 0,8 x 7 cm (309, Stationary phase: Dowex I X8, Cl-. Flow rate : 0~46 ml/min. 
Elucnt : water. Sensitivity : f I/IOOO~ full scale. Chart speccl: 30 mm/h. (0) urcn: (a) methylurca; 
(a) led.-butylurea; ( q ) thiourcn; (CD) cthylurca; ( x ) biurct ; ( A) clicyanocliamiclc. 

injection pressure and the zero point of the differential curve. The volume of the 
tubes connecting the separation column and detection column was subtracted from 
the former volume. This difference was defined as the corrected retention volume 
(Vn) (as shown in Fig. 4). 

The method of measuring the peak width is illustrated in Fig. 5, Because of i 
the band-broadening effect between the separation column and the detection column, ’ 

the measured peak width was larger than the true peak width. Figs. 7a, b and c are 
examples of the calibration curves. IF. 

J. Chronlatog., 42, (rgGg) 226-23G 
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CONCLwSION 

A group of urea type compounds with pZccc values extending over a wide area 
of pE-1 have been separated by thermal detection automatic liquid chromatography. 
0.01, 0.x and 1.0 N IICl and J&O were used as eluents. Strong ion exchange resins 
with a polystyrene network were selected as the packing adsorbent for the detection 
column; these resins were of the ammonium chloride and sulphonated type, the 
latter being in the hydrogen and Na salt forms. The relationship between the chemical 
structure, retention volume, and peak area was studied, as was the relationship 
between the sensitivity, peak height and peak area. 

From these results, the authors were able to show that it was possible to 
perform a microanalysis of these compounds. This method of analysis can be applied 
to other groups of compounds. It can also be employed for analyses of mixed samples. 
The actual detection sensitivity and the accuracy of quantity were very satisfactory, 
as illustrated in Figs. 7a, b, and c and Table III, A study of the conditions of measure- 

TABLE III 

REPRODUCIUILITY OP RIZTENTlON VOLUME AND Pl%AIC WIDTII 017 A TlIERMhL DETECTION CIIROMA- 

TOGRAM OPBIURET 

Stationary phase: Dowex 50 SS, EI+, Elucnt : O,OI N J-ICI. Plow rate: 0.46 ml/min. Separation 
column: 0.8 x 15 cm (359, Detection column: 0.8 x 7 cm (30’). Sensitivity; A I/IOOOO fill1 scale. 
Chart speed: 30 mm/h. 

0.046 24.00 13.0 4.0 
0.092 24.25 13.0 7.8 (7.75) 
0.18‘1 24.25 13.0 16.3 (16.25) 
0.276 24.50 13.5 24.0 
0.368 24.00 11.5 32.0 
o.,lGo 23.75 13.0 41.0 

R = 24.125 R = 12.83 

ment indicated that automatic recording liquid chromatography together with the 
reaction energy detection method is potentially a very effective method for separating 
and quantifying urea type compounds. Formerly the systematic separation and 
quantification of these compounds was very difficult. 
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