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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 onliquid chromatography, - 3/10000°,
full scale was tested while changing the concentration of the eluent, namely 1.0, 0.1,
and o.ox NV hydrochloric acid and water. It was illustrated that the sensitivity and re-
producibility of the thermal reaction energy detection method were superior to those
of colorimetry 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 compounds?.
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
colorimetric 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 PicHAL? and TAMURA3., By using a thermistor as the

* Paper presented at the roth Symposium on Liquid Chromatography, Kyoto, Japan,
July 12th, 1966.

** Present address: TFaculty of Pharmaceutical Sciences, Kyoto University, Yoshida,
Kyoto, Japan.
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Fig, 3. Schematic diagram of thermal detection automatic recording liquid chromatograph
(JLC-2A).

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 devised 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 occ'tslonally causes noise; thus the apparatus is set for the
high sensitivity of -4 3/10 000° full scale,

The influence of the ion exchange resin and the eluent on the retention volume
and the sensitivity of detection 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 colorimetry.

THEORY

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 dissociation but after studying
the adsorption mechanism of all these compounds under basic and acid elution
conditions it was impossible to reach any conclusions regarding any increase in
reaction energy. As the ion exchange process cannot be regarded as the only mecha-
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nism, another adsorption mechanism must also play a role. The aromatic rings of the
ion exchange rexins of the polystyrene type have m-electrons, and the z-electron is
capable of adsorbing many kinds of materials as molecules. Thus the authors presume
that polystyrene tyvpe ion exchange resins tend to adsorb urea type compounds as
molecules. After studying the effect that this type of exchange resin has on the
adsorption of z-electrons, an attempt was made to find the conditions whereby the
reaction energy between the resin and the urea type compounds is intensified to the
highest degree.

Different ion exchange groups cause the variations in the swelling of the resin,
and the variation in the swelling of the adsorbent affects the resolution. \When these
adsorbents are pucked inoa column, the reaction energy varies according to the
adsorption and desorption processes, in addition sensitivity also varies according to
column condition. However, the adsorption mechanisiu affects the sensitivity more
than the column condition, though the variation of the column condition still has
an effect on the retention volume. Therefore when the sample amount is constant,
the smaller the retention volume, the narrower will be the base width of the peak,
and the higher the peak height.

However, if the adsorption mect .aism 15 changed, the above phenomenon does
not apply. If the optimum adsorption condition is selected, even though the retention
volume and the width are not so small, the peak height will increase. Ou the other
hiand, when the retention volume is large, the peak height should be increased by
reducing the peak width by selecting the optimum measuring conditions.

In order to examine the reaction energy and the retention volume of the
samples, three kinds of polystyrene tyvpe resin were used: a sulphonic acid type, a
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Fig. 2 Influence of the stationary phase on the retention volume of compounds related to urea

it lguid chromatography. Stationary poases: (A} Amberlite CG-120, H*, 325-400 mesh fresin
particles regraded as deseribed under EXPERIMENTAL): (B) Amberlite Cli-goo, i, 325-400 mesh
(resin particles regraded as described under EXPERIMENTAL); (C) Amberlite CG-120, Na*, 325~
400 mesh (resin particles regraded as described under EXPERIMENTAL); (1)) Amberlite IRA-jo0,
OH=, 48-%0 mesh (Takinoro of aiy; (E) Amberlite [R-120, H+, 48-80 mesh (TaKimoro of wll).

Separation column, 0.3 - 13 ¢m (357 detection column, 0.8 X 7 cm (307); eluent, water; fow
rate, 0.46 ml/min; sensitivity, - 1/1oo0” full scale. TAKIMOTO ¢f al.' used a colt .ano.77 . 20cm,

water as eluent and flow rate 1 mljmin. The detection was accomplished by colorimetry.
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TFig. 3. Pcak width and retention volumes of compounds related to urea in thermal detection
liquid chromatography. Flow rate: 0.46 ml/min. Temperature: separation column, 35°; detection
column, 30° Separation columns: (A) Dowex 50 X8, H+, 200~400 mesh, regraded, 0.8 X 15cm,
o.01 N HCIl; (B) Dowex 50 X8, H+, 200-400 mesh, regraded, 0.8 X 15 cm, 0.1 N HCI; (C) Amberlite
CG-120, H+, 325—400 mesh, regraded, 0.8 X 15 cm, H,O; (D) Aminex 11T X12, H+, 400-600 mesh,
0.8 X 3o cm, H,0; (E) Amberlitc CG-120, Na+, 325~400 mesh, 0.8 X 15 cm, H,O; (F) Amberlite
CG-400, Cl~, 325-400 mesh, 0.8 X 15cm, H,0; (G) Amberlite CG-400, Cl-, 325—¢400 mesh, 0.8 x
50 cm, Hy0. Detection columns: (a) Dowex 50 X8, H+, 200-400 mesh, 0.8 X 7cm; (b) Dowex
50 X8, Na+, 200-400 mesh, 0.8 X 7 cm; (¢) Dowex 1 X8, Cl-, 200-400 mesh, 0.8 X 7 cm,
Abbreviations: Biu = biuret; --BuU = fers.-butylurea; D.D. = dicyanodiamide; EtU = ethyl-
urca; G = guanidine carbonate; McU = methylurca; NO,G = nitroguanidine; PhU = phenyl-
ureca; ThU = thiourca; U = urea.

TABLE L

RETENTION VOLUMES OF COMPOUNDS RELATED TO UREA AS DETERMINED BY THERMAL DETECTION
LIQUID CHROMATOGRAPHY

Tlow rate: 0.46 ml/min, Scparation column: 0.8 X 15cm (35°). Detection column: 0.8 X 7 cm
(30°). Scnsitivity: 4 1/1000° full scale, Chart speed: 30 mm/h,

Compounds Amberlite Dowex Dowex

CG-120, 50 X8, H+ r X8, Cl-

H+

H,0 o.or N o.r N r.oN H,0 o.or N

HC! HCI HC! HC!

Biuret 15.9 22.2 21,0 — 23.5 23.7
Thioureca 21.5 27.1 - 26.9 26.9 34.5 34.7
Dicyanodiamide 27.3 33.8 < 34.3 34.2 34.7 34.5
Nitroguanidine — 40.7 37.5 —_ — —
Ureca 106.7 113.1 108 58 18.4 18.2
Methylureca 136.6 154.1 T45.1 — 18.9 18.4
Lthylurea —_— 226 203 — 20.2 19.6
tert.-Butylureca — E— — — 30.4 29.9

TS
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sodium sulphonate type, and a trialkylammonium chloride type. The experimental
data of TAKIMOTO AND Y A0, who used a trialkylammonium hydroxide type resin, are
compared!, 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. 2 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 o.1x IV HCI) did not affect the retention volume when the sulphonic acid
type was used as depicted in Table I. In the case where 1.0 N HCI 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 pK, of urea differs only
slightly from those of biuret, thiourea, and dicyanodiamide, but the variation in pH
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 eluent

TABLE 11a

VARIATION IN PEAK HEIGHTS OF LIQUID CHROMATOGRAM OF COMPOUNDS RELATED TO UREA DUE
TO A CHANGE IN STATIONARY PHASE AND ELUENT

Conditions, as in Table I,

Resins Eluent Pealk height (mm)for o.r mg of sample
Urea Thiourea Dicyano- Biuret Nitro-
diamide guanidine

Amberlite CG-120, H+ H,O 18 20 38 33.5 —
(325—~400 mesh)

Amberlite CG-120, Na+ H,O 40 59 So 72 —
(325—~400 mesh)

Amberlite CG-400, Cl- H,O 25 8o 8o 57 50
(325—400 mesh) - '

Dowex 1 X8, Cl— H,O 20 6o 55 36 —_
(200-400 mesh)

Dowex 1 X8, Cl- oor N 17 56 54 35 —
(200-400 mesh) HCl

Dowex s0 X8, H+ o.or N 6.5 8.5 10.5 8.5 7.0
(200—-400 mesh) HCl

Dowex 50 X8, H+ o1 N 4 6 6.5 6.5
(200~-400 mesh) HCI

& Resin particles regraded as described under EXPERIMENTAL.

J. Clhwvomalog., 42 (1969) 226-236



AUTOMATIC LIQUID CHROMATOGRAPHY OF ORGANIC COMI'OUNDS, I, 231

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 I1b.

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 1.0 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-
rized as follows:

TABLE 1Ib

VARIATION IN PEAK WIDTHS OF LIQUID CHROMATOGRAM OF COMPOUNDS RELATED TO UREA DUE TO
A CHANGE IN STATIONARY PHASE AND ELUENT

Conditions, as in Table [.

Resiny Fluent Peak width (ml)
Uvrea Thiourea Dicyano- Biuret Nitro-
diamide guanidine

Amberlite CG-120, Ht+ H,0 40.5 7.3 8.0 4.2 —_
(325—400 mesh)

Amberlite CG-r20, Na* H,0 3.8 3.7 4.3 5.0 6.3
(325—400 mesh)

Amberlite CG-400, Cl— H,O 3.5 8.2 8.7 5.4 17.0
(325—400 mesh)

Dowex 1 X8, CI- F,0 5.5 13.2 13.9 8.3 —_
(z00-400 mesh)

Dowex 1 X8, Cl- o1 N 5.5 8.3 0.1 6.4 —

(200-400 mesh) HCI

Dowex 50 X8, H+ o01 N 54.7 11.0 T14.4 8.9 19.3
(200—400 mesh) HCl

Dowex 50 X8, H+ o1 N 46.9 12.0 17.9 4.6 22.1

(200—400 mesh) HCl1

* Resin particles regradecd as described under EXPERIMENTAL.

Guanidine and urea have very small retention volumes on the ammonium
hydroxide type resin!, 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 HCl as the eluent was identical with the one obtained when
water was used as the eluent. FFurthermore 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. Chromatog., 42 (1969) 226-236
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EXPERIMENTAL

Sample

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 4 1o ug and the sample was dissolved in each
eluent.

Equipment

In performing automatic recording liquid chromatography by the thermal
reaction eneirgy 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 4 1°. A diagram of the
equipment is depicted in Fig. 1. 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 with a differential curve of
the sample distribution (as shown in Figs. 4, 5 and 6).
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3 } E
n
Solvent rl T
peak oo J
no! =
i ! .
{ ] te
b
o Lq T‘
O H ! | =
4 o i £
by I 1
Q by ! 138
X k r | ey
> Ly [
£or i 22
= o
7] | L <
€ i 1 =]
8 ! [ o
| oy {1 <
s | | '
B I by
] ! Ly
K #
3 | of | 100
5 —y- Vo ———i;  Eluent (ml)
E ! 1
5 ! I
"E }‘-——-VRI‘—————A‘II
sl

Fig. 4. Relationship between a thermal detection liquid chromatogram and the concentration
distribution of cytosine. The absorbance at 270 mu was mecasured using the fraction collector
presented at the gth Symposium of Liquid Chromatography, Tokyo, Japan, December 1, 1965.
Sample: cytosine, 5 mg (4.5 X 10~% M), Stationary phase: Dowex 50 X8, H+, Eluent: 2 N HCI.
Flow rate: 1.0 ml/min. Separation column: 0.8 x 15 cm (40°). Detection column: 0.8 X 7 cm
(30°). Sensitivity: - 3/1000° full scale, Chart speed: 30 mm/h., V' = Retention volume of ther-
mal detection chromatogram; V5’ = retention volume of U.V, absorption detection chromato-
gram; Vi’ — Vg = tube volume between thermal detection column and fraction collector; Vg
(corrected) = Vj, (apparent) — tube volume between detector column and scparation column,
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TFig. 5. Thermal detection chromatogram obtained as a differential curve, Peak area = total
arca of differential curve (a -+ b); V5 = apparent retention volume; W = corrected peak -
width; W’ = apparent peak width,

TFig. 6. Automatic recording thermal detection liquid chromatogram of urca and dicyanodiamide.
Stationary phasec: Dowex 1 X8, Cl-. Eluent: o.or N HCIl, Flow rate: 0.46 ml/min. Separation
column: 0.8 X 15 cm (35°. Detection column: 0.8 X 7 cm (30°). Sensitivity: 4= 1/1000° and
4 3/10000° full scale for dicyanodiamide and urca, respectively. Chart speed: 30 mm/h, Samples:
urca, 0.36 mg; dicyanodiamide, 1r.00 mg.

Preparation of stationary phase

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
resin. 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

J. Chromatog., 42 (1969) 226-236
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part of the elution 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®. 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.

(D) Lysine peptides were found to have curved adsorption isotherms. Those
peptides 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, ¢.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, 7.e., increasing the column length fourfold brings about a twofold increase in
resolution2®.
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Tig. 7. (A) Calibration curves of urea and nitroguanidine obtained by measuring peak heights and
peak arcas. Scparation column: Amberlite CG-400, Cl=, 0.8 X I5cm (35°). Detection column:
Dowex 1 X8, Cl-, 0.8 x 7 cm (30°). Eluent: water. Flow rate: 0,46 ml/min. Sensitivity: + 1/1000°
full scale. Chart speed: 6o mm/h. (B) Calibration curves of urea-rclated compounds in thermal
detection chromatography. Separation column: 0.8 x 15 cm (35°). Detection column: 0.8 X 7 ecm
(30°). Stationary phase: Dowex 50 X8, H+. Flow rate: 0.46 ml/min. Eluents: (——) o01 N
HCl; (— — —) o.1 N HCI. Sensitivity: = 1/1000° full scale. Chart speced: 30 mm/h, r = Dicyano-
diamide; z = thiourea; 3 = biuret; 4 = nitroguanidine; 5 = urea. (C) Calibration curves of urca-
rclated compounds in thermal detection chromatography. Separation column: 0.8 X 15 cm (35°).
Detection column: 0.8 X 7 cm (30°). Stationary phasc: Dowex 1 X8, Cl-. Flow ratc: 0,46 ml/min.
Eluent: water. Sensitivity: 4 1/1000° full scale. Chart speed: 30 mm/h. (©) urea; () methylurca;
(@) fert.-butylurea; () thiourca; (@) cthylurca; (X ) biurct; (A) dicyanodiamide.

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
(VR) (as shown in Fig. 4). ,

The method of measuring the peak width is illustrated in Fig. 5. Because of -
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.

J. Clhwomatog., 42 (1969) 226-236
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CONCLUSION

A group of urea type compounds with pK, values extending over a wide area
of pH have been separated by thermal detection automatic liquid chromatography.
0.01, 0.1 and 1.0 N HCl and H,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 111

REPRODUCIBILITY OF RETENTION VOLUME AND PEAK WIDTIH OF A THERMAL DETECTION CIHROMA-
TOGRAM OF BIURET

Stationary phase: Dowex s0 X8, H+, Eluent: 0,01 N HCIL TFlow rate: 0.46 ml/min. Separation
column: 0.8 X 15cm (35°), Detection column: 0,8 X 7 ecm (30°). Sensitivity; - 1/1000° full scale,
Chart speed: 30 mm/h,

Sample Vi W Pealk height
amouni (1nm) () ()

(mg)

0,046 24.00 13.0 4.0

0.092 24.25 13.0 7-8 (7.75)
0.184 24.25 13.0 16.3 (16.25)
0,276 24.50 13.5 24.0

0,368 24.00 IL.5 32.0

0,460 23.75 13.0 41.0

# = 24.125 & = 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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