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I ' IOLECULAR STRUCTURE AND pH EFFECTS ON THE
ADSORPTION OF 13 s-TRIAZINE COI,{POUNDS ON

I,{ONTI{ORILLONITE CLAY

J. B. Wnenn, Crop Science Department, North Carol,ina State
Llni,aersitlt, Raleigh, !{. C.

Ans:rnacr
The adsorption of 13 related s-triazine compounds on montmorillonite clay as influenced

by pH and molecular structure was investigated. Adsorption isotherms for prometone on
montmorillonite were determined at six pH levels. The maximum adsorption of all the
compounds on montmorillonite was found to occur at a pFr in the vicinity of the pKa value
of each compound. Substituent groups on the triazine ring were found to be related to the
amount of adsorption which resulted. Mechanisms of adsorption were postulated and dis-
cussed.

hqrnolucrroN

A number of investigators have determined that triazine compounds
are adsorbed on montmoril lonite clay. Factors such as pH (Frissel, 1961;
Harris and Warren, 1964), salt concentration (Frissel, 1961), tempera-
ture (Harris and Warren, 1964; Weber et al., 1965) and time of exposure
(Weber, et al., 1965) have been found to affect the amount of adsorption
which takes place.

This paper concerns the effects of pH and molecular structure of 13
triazines on the adsorption of these compounds on montmorillonite clay.
The main objective was to gain information on the mechanism or mech-
anisms of adosrption and to determine if the amount of adsorption of the
compounds was related to chemical properties and/or molecular struc-
tures of the compounds.

ExpBnrucNtnt,

Properties of organic compownils and. clay. Analytical grade chemicals,
supplied by the Geigy Chemical Corporation, were used. Chemical prop-
erties names and structures of the compounds used are given in Table 1.
AII of the compounds behave as weak bases in aqueous solution. The
compounds in order of basicity (the larger the pKa values, the more
basic) are hydroxy)methoxy)methylthio)chloro. The types of amino
groups also appear to have an effect on basicity of the triazine com-
pounds. For this series of compounds, the larger the amino groups, the
more basic the compound; i.r., tetraetatone)ipatone) trietatone
) prometone) atratone) desmetone: simetone. The solubil it l . in water
data available on the compounds are not complete, but the following
statements are made on the data available in Table 1. The chloro com-
pounds are generally less soluble than the other compounds and, at least

l 0 5  /
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Talr-r 1. Crnurcet Pnopontms or 13 s-TnrezrNs Coupoulns

Groups on triazine ring2
U.V.

absorption
maximum

Solu-
bilitya

%

PK.c'{
No. Common namer

1. Desmetone* OCH;

2. Simetone OCHs

3. Atratone OCHs

4. Prometone OCHI

5. Trietatone* OCH3
6. Ipatone OCHJ

7. Tetraetatone* OCH3
8. Prometryne SCHs

9. Ipatryne* SCH3

10. Propazine Ci

11. Ipazine CI

12. Hydroxlpropazine OH6

13. Hydroxyipazine OH6

0 .3500  4 .15
0 .3200  4 .1s
0 .1800  4 .20
0 .0750  4 .28
0.0040 4.51
0.0100 4.54

+ . l o

0.0048 4.05
4.43

0.0009 1 .85
0.0040 1 .85

5 . 2 0
- 1 1  . 0

5 . 3 2
- 1 1  . 0

NHCH3
NHCzHT
NIICzHT
NHC:HI
NHCzHs
NHCrHzs
N-(CzHr)z
NHCaHT

NHCTHz
NHCsHz
NHCaHT
NHC3H?

NHCaHz

NHCAH;
NHCzHs
NHCsHT
NHCaHz
N-(CsH5)z
N-(CzHr)z
N-(CrHt:
NHC3H7
N-(CrHt,
NHC3H?
N-(CzHs)z
NHC:Hz

N-(CzHs)z

2 1 7
2 1 7
2r7
218
223
223
230
222
230
222
228
22r

224

1 Names of asterisked compounds were designated by the author.

3 Solubility data from manufacturer.
a Determined by spectrophotometric titration according to methods of Dixon, Wood-

berry and Costa (1947) and Hirt, Schmidt, Strauss and Koren (1961)'
5 In all cases, C:Hz is in the iso form.
6 These compounds probably exist in the keto form rather than the enol form.

for the methoxy compounds, it appears that the larger the amino groups'

the less soluble the compound. Prometone is used as a postemergence'

nonselective herbicide around industrial sites and noncropped areas.

Prometryne and propazine are used to control weeds in cotton and sorg-

hum, respectively. The remaining compounds are not presently avail-

able commercially.

Proced.ures. SPV Volclay bentonite (montmorillonite) from Wyomingl was

dispersed in deionized water and the O.2-2 pr fraction separated. The

1 Supplied by the American Colloid Company, Chicago, Illinois.
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suspension of bentonite was centrifuged to obtain thick pastes which
were lyophyllized (Ireeze-dried) to a dry state, mixed and stored in
sealed glass containers. The C.E.C. (cation exchange capacity) of 0.847
me per gram was determined using Na as the saturating cation. A Beck-
man D.U. flame photometer was employed in determining the amount
of Na in the solutions.

CIay samples of 2.50 mg were weighed into 250-ml glass beakers, de-
ionized water added and the suspensions were thoroughly mixed. A stock
solution of each s-triazine was added to each of the clay suspensions to
give a total volume of 100 ml. Triazine concentrations, amounts of clay
used and exposure times are included in the figures. The suspensions were
stirred at room temperature for one hour, the pH was then measured and
a portion of each was centrifuged to allow the clear supernatant to be
analyzed for the solute left in solution. After analysis each of the samples
was returned to its respective beaker and the pH adjusted with HCI for
the acid phase samples (pH levels, 5, 4.5, 4, 3, 2 and 1) using a Beckman
Research Model pH meter. The samples were then stirred for 20 minutes.
Equilibrium was found to be attained in 10-15 minutes between each pH
change. A portion of each sample was again centrifuged and the solute
remaining in solution determined. A similar series of samples was pre-
pared for the alkaline phase using NaOH to adjust pH. Concentrations of
acid and base used ranged from 0.01 to 11.6 M and the total amount
added for either acid phase (pH values 5.0 to 1.0) or alkaline phase (pH
values 7.0 to 10.0) did not exceed 2 ml. The quantity of each triazine re-
maining in solution was determined spectrophotometrically at the respec-
tive ultraviolet wavelength maximum for each compound (Tabte 1). A
Beckman DK-2 recording spectrophotometer equipped with a deuterium
lamp was employed according to methods outlined by Willard, Merritt
and Dean (1958). Standard curves were determined for each pH level at
the wavelengths given in Table 1 and the amount of solute remaining in
solution was also measured at the U.V. wavelength of the isosbestic point
for each compound for check purposes. The isosbestic point is the wave-
length at which the molecular and protonated species of the triazine
molecules have the same molar absorption coeffi,cients. Precision of pH
measurement was * 0.02 pH units. Blanks, clay plus acid or base and
s-triazine standards were included with each run and reproducibility was
within +4/e. Dqlicate samples were included at random and each ex-
periment was run twice.

Spectrophotometric determinations of ionization constants (pKa val-
ues) for the triazines were made according to the methods of Dixon,
Woodbury and Costa (1947) and Hirt, Schmidt, Strauss and Koren
(1e61) .
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For studies employing extracting solutions, Na and prometone in the
supernatant were determined as outl ined above. Successive extractions
of 20 ml each, exposed for 18 hours, were made on the clay samples with
the following solution: deionized water, 0.1 X{ BaClz, and 0.01 N NaOH.

Rnsurrs

Efects of molecwlar structure and pH on ad,sorption Previous investigations
showed that prometone was readily adsorbed on montmoril lonite clay
at pH 6.0 a in 0.025 X,I Na phosphate buffer system (Weber et al., 1965).
Figure 1 contains an adsorption isotherm taken from this study. The
curve represents the average values for isotherms made at 10o and 55' C.

Adsorption isotherms describing the adsorption of prometone on mont-
moril lonite clay at several pH levels are given in Fig. 1. The Iowest ad-
sorption of prometone occurred at pH 8.5 9.5, which was the unadjusted
series of samples.

fn the systems where the dilute prometone and smaller clay samples
were used (Fig. 2), the unadjusted samples had pH values of 6.2, as com-
pared to the more concentrated systems where the pH ranged from 8.5
to 9.2. The higher pH resulted primarily from the larger amounts of
montmorillonite clay used in the suspensions, and onl-u* slightly from the
effects of the higher concentrations of prometone used. The clay adsorbed
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Frc. 1. Aclsorption isotherms for prometone on montmorilionite clay at five pH levels

(prometone concentrations of 0, 2, 4,6, 8 and 10X 10-4M used with 100 mg of clay and an

exposure time of 20 minutes for each pH change)
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Irrc. 2. Adsorption isotherms for prometone on montmorillonite clay at four pH levels

(prometone concentrations of 0, 5, 10, 15, 20,25 and 35X 10-6 M used with 2.5 mg of clay

and an exposure time of 20 minutes for each pH change)

proportionately more prometone per gram, at the same pH, in the con-

centrated system as compared to the dilute system (i.e.,lot pH 2.O at a

concentration of 10X10 4 tr,I added, compare 550 pr mole per gram ad-

sorbed in the concentrated system as compared with 250 p mole per gram

adsorbed in the dilute system where 1/40 as much prometone and clay

were used). Changes in pH had a greater effect on the amount ol prome-

tone adsorbed in the dilute system than in the more concentrated system.

Similar adsorption isotherms were obtained for propazine, prometryne

and hydroxypropazine which indicated the same adsorption mechanisms

were probably involved for all of the compounds.
Adsorption studies were performed using a constant amount of prome-

tone and varying clay sampie sizes. Adsorption isotherms similar to

those of Figs. 1 and 3 were obtained.
The influence of pH on the adsorption of the s-triazine compounds by

montmoril lonite clay was very similar for all compounds (Fig. 3-5)' The

amount of each compound adsorbed increased as the pH of the solution

was lowered, unti l an adsorption maximum was reached' Lowering the

pH sti l l  further resulted in releasing a portion of each of the compounds

into solution. The maximum adsorption of each compound by the mont-

morillonite clav occurred in the vicinity of the PKr value of the particular

compound. The seven methoxy compounds and the two methylthio

pH 6 .2  ( unod lu . l . d )
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Frc. 3. Effect of pH on the adsorption of seven methoxy-s-triazines on montmorillonite

clay (concentrations of 25X 10-6M of each compound were used with 2.5 mg of clay and 20
minutes exposure time between each pH change)
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Frc. 4. Effect of pH on the adsorption of four related s-triazines [4,6-bis(isopropyl-
amino) series] on montmorillonite clay (concentration of 25X10{ M of each compound
was used with 2.5 mg of clay and 20 minutes exposure time between each pH change)
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Frc. 5. Effect of pH on the adsorption of four related s-triazines (4-isopropylamino-6-

diethylamino series) on montmorillonite clay (concentration of 25X10{ M of each com-

pound was used with 2.5 mg of clay and 20 minutes exposure time between each pH change)

compounds, with pKr values ranging from 4.05 to 4.76, reached a maxi-

mum adsorption at pH 4.0-4.5, while the chlorinated compounds, with

pKa values of 1.85, reached a maximum adsorption at pH 2'0, and the

hydroxy compounds, with pKa values 5.20 and 5.32, reached the maxi-

mum adsorption at pH 5.0-6.0 (Table 1, Fig. 3-5).

Figure 3 contains the effect of pH on the adsorption of seven methoxy-

s-triazines on montmorillonite. The compounds differed in molecular

structure in the 4 and 6 positions (Table 1). The adsorption isotherms

are grouped into two different patterns. Tetraetatone, ipatone and trieta-

tone, represented by the upper three curves, were adsorbed in much

greater amounts than simetone, atratone, prometone and desmetone,

represented by the lower four curves. The compounds in the three upper

curves have dialkylamino groups in the 4 and 6 positions, while the com-

pounds in the lower curves have only one alkyl group in each of the 4 and

6 positions. It appears that the greater the number of alkyl groups in

favor of H on the N atoms in the 4 and 6 positions, the greater the com-

pound is adsorbed by the claY.

Table 1 shows that the substitution of an alkyl group for a H atom in

the 4 or 6 positions increases the basicity, pKr value, of the methoxy-s-

triazine compounds. The order of decreasing adsorption and pKa value,
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at pH 4.0,  is  as io l lows:

Compound : tetraetatone ) ipatone ) trietatone))simetone:
pK1  va lue :  4  76  4 .51  4 .51  4 .15

atratone : prometone : desmetone
4 . 2 0 + .28 4 . 1 . )

Figure 4 i l lustrates the effects of pH on the adsorption on montmoril-
Ionite of four similar s-triazines which differ in molecular structure in
the 2 position oniy; i.e., the 4,6-isopropylamino series. A comparison of
the maximum amount of each compound adsorbed on the montmoril lo-
nite shows prometrl 'ne) prometone) hydroxyprop azine) propazine.

Figure 5 contains the effects of pH on similar series of compounds
which difier: in 2 positions; , i.e., the 4-isopropylamino-6-diethylamino se_
ries. A comparison of the maximum amounts of each compound adsorbed
on the montmoril ionite shows ipatrl.ne) ipatone) hydrox_vipazine
) ipazine. It is concluded from these two series of compounds (Figs. 4, 5)
that the compounds with methvlthiol (-scHB) groups in the 2 position
are adsorbed in greater amounts than comparable compounds with
methoxyl  ( -OCH3),  hydroxyl  ( -OH) and chloro ( -CD groups,  respec_
tively.

Efects of pH and sodiwm on prometone adsorption.An adsorption study was
performed to determine the efiect of pH on the adsorption of prometone
and the displacement of Na on montmoril ionite cla1.. Table 2 shows the
increase of Na which occurred in the solutions containing prometone. The
increase in Na displaced by prometone amounted to 1g.1 and, 24.6
pmoles at pH levels of 4.0 and 6.0, respectively. At the other pH levels
considerably lesser amounts of Na were displaced. when the clay samples
were extracted with deionized water, slightly larger amounts of Na were
removed from the samples which had not been subjected to prometone.
Extraction of the cla1. samples with 0.1 lr Baclz removed considerable
amounts of Na from the clay sampies which had not been subjected to
prometone and only small amounts of Na from the prometone-clay sys-
tems, with the exception of the pH 8.5 prometone-clay system. The total
amount of Na displaced from all of the clay samples was very similar. The
results indicate that at pH levels where prometone was present in the
protonated form, it exchanged for Na on the clav surface. At very Iow
pH levels, H efiectivelv replaced the Na on the clays in both the prome_
tone and no prometone systems. The 0.1 n{ BaClz effectively replaced
the remaining Na not replaced b1'either prometone or H. In the pH g.5
systems neither the molecular prometone nor deionized water replaced
Na from the montmoril lonite clay. The 0.1 l,{ Bacb effectively removed
Na from the clay in these systems.
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Ta.llr,r 2. Elnecr ol pH oN rnB Ansonpuow ol PtolmrosE AND THE Drspl.q.crlmNr ol

Sooruu AND TIrE Errocr ol Srvnnel ExtnactrNc Sor,urroNs oN DrsplacrNc

Sooruu lnou 100 mE S,turr,rs op Momtuonttr-oNrrn Cr-av

Amount of Na displaced from mont.2

Amount  o f  Amount
pl-I ot ulf l.

p rometone o I  l \a  ln
so lu t lon  rn  Na

adsorDed' solutton

with
Y'I Difi. o.r M Ditr.
n2u2 

Baclz

Total
Na

displaced

1 . 0  0  3 9 . 3
1 . 0  4 5 . 0  4 0 . 6

2-0
2 . O

4 . O
4 . 0

6 . 0
6 . 0

0 . 2
^ ' ,

0 . 3
0 . 2

l 4
0 . 3

2 . 8
1 . 1

A A

3 0

0 . 2
o . 2

1 . 3
0 . 2

1 1 . 8
0 . 3

2 1 . 2
2 . O

26 .0
2 2 . 3

t . l

39 .7
4 1  . 0

4 2 . 2
4 1  . 9

3 8 .  1
43.6

3 8 . 1
4 1  . 8

3 8 . 4
39.4

0 . 00 . 0

0 . 1

t . . J

0  40 .6
5 9 . 5  4 1 . 5

0  24 .9
70 .0  43 .0

0  1 4 . 1
53.2 38.7

1 1  . 5

1 9  . 8

3 . 7

0 . 9

1 8 .  1

2 4 . 6

8 . 5  0  8 . 0
8 . 5  1 4 . 5  r 4 . l 1 A

Std. error:
lsd (.05) :
hsd (.05) :

0 . 5
1 . 4
2 . 0

0 . 3
0 8
t . 2

0 3
0 . 8
1 . 2

1 In all cases 100 pmoles of prometone were added to the 100-ml solutions.
2 Successive extractions of 20 ml each exposed'for 18 hours.

Efects of several erctracting solulions on displacing ailsorbed' prometone. The

amount of prometone removed by the various extraction solutions was

also determined for the prometone-clay systems. Table 3 shows the

amount of prometone displaced from the montmorillonite clay by the

various extracting solutions. Deionized water removed 25.5/6 of the

prometone from the montmorii lonite clay system at pH 8.5' Lesser

amounts were removed from the clay at lower pH levels. The 0.1 M

BaCIz removed considerably more prometone from the pH 2.0 and 4.0

clay systems, but the percentage removed was very similar for all sam-

ples. The 0.01 N NaOH removed the largest amounts of prometone from

the clay samples of any of the extracting solutions. The largest amount

of prometone was removed from the pH 4.0 level clay system' but the

per cent prometone removed from the clay was verv high for all samples.

The total prometone extracted from the montmorillonite clay by the vari-
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ous extracting solutions ranged from 63.6 to 92.1/6. The amount removed
increased with the increase in pH of the prometone-clay system.

DrscussroN

Ad.sorpt' ion mechanisms.It has been deduced, from recent investigation
bv Boitsov, Finkel'shtein and Petukov (1962), that the methoxy-,
methylthio- and chloro-s -triazine compounds became protonated accord-
ing to equation (1), while the hydroxy compounds probably associated
according to equation (2) and dissociated according to equation (3).

X
I

/\
H:O i

/ \
N N = N N + H +
l t t l r l

,a\/\ //\,,^'..
Z N Y Z N Y

The pK6 values are given in Table 1 and are utilized in this paper,
rather than pKs values because of the relationship of pH and pKa.

It was postulated in previous studies (Weber et al., 1965) that prome-
tone present primarily in the molecular form at pH 6.0 was adsorbed by
montmoril lonite bv H-bonding or through polar adsorption forces. This
molecular adsorption is depicted in equation (4) below.

Preliminary studies further showed that the adsorption of prometone
increased with a decrease in pH and it was postulated that this resulted
from the protonation of prometone according to equation (5) and the
adsorption of the monovalent prometone cation according to equation
(6). The pKs of equation (5) is9.72 (I4-4.28) as written, but pK1 is
used in the discussion since it is directly comparable to pH. The increased
adsorption at lower pH Ievels as i l lustrated in Figures 1 through 3 con-
firms the higher adsorption of the protonated prometone. The phenomena
of reaching an adsorption maxima at approximately the pKa value and
then decreasing at lower pH levels has previously been attributed to
competition by H. Equation (7) was thus included to illustrate that

x
l H

//\ /
( 1 )N N

I
//\//\

Z N Y +

N
I

(2)N N
i l

//\//\
Z N Y +

o-
I

+ oH-

+ oH-

o
E

\ .,,\ ../
H

H:O-_.

N +
l lv/\

N Y

o
I H

N +

,/\//\

o
l H

(3)
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Teeln 3. Errrcr ol Snvnn,c.L ExrnecrrNC sOr-UrroNs ON RrrrqovrNc PnountoNE

Alsonnnn oN 100 uc Saupr.ns ol MoNnronil,r.oNrro crey er FrvB pI{ Lrvrr,s

Amount of prometone extracted from mont'2 
Total

pH of
solution at

adsorption

Amount of
prometone
adsorbedl with Hzo il'$"ti $ili;'rl TH:[:"

pmole pmole % /rmole % pmole % pmole %

1 . 0  4 5 . 0
2 . 0  5 9 . s
4 .0  70 .0
6 . 0  5 3  . 2
8.5 (unadj.) 14.5

1 . 1  9  l 0  2 0 - 2
1  .3  t2  .45  20 .9
3 . 0  1 3 . 3 1  1 9  0
7  . 9  9 . 2 7  l 7  . 4

25 .5  3  .00  20  .7

19.05 42.3 28.67 63.6
28.4.0 47 .7 41 .61 69.9
39.70  56 .7  s5 .13  78 .7
31.00  58 .3  M.49 83 .6
6 . 6 5  4 5 . 9  1 3 . 3 5  9 2 . r

0 .  5 2
0 . 7 6
2 . 1 2
L ''.)

3 . 7 0

Std. error:
Isd (.0s) :
hsd (.0s) :

t . 2
3 . 5
5 . 2

0 . 1 0
0 .  25
0 .50

0 .  10
0 .25
0.  50

0 .  10
0 .  25
0 .50

1 In all cases 100 ;rmoles of prometone were added to the 100-ml solutions.

2 Successive extractions of 20 ml each, exposed for 18 hours'

relatively high concentrations of H+ ions may compete with the. prome-

tone calions for sites on the clay. Similar results were obtained by

Mclaren et aI. (1958) while studying the adsorption of proteins on mont-

morillonite. These workers attributed the low adsorption of proteins by

montmorillonite at Iow pH to competition by H for sites on the clay

surfaces.
Recent adsorption studies employing freshly prepared H(Al)-mont-

morillonite showed no significant change in the solution pH upon addi-

prometone may be adsorbed on the clay by direct association with H on

ih. .luy surface. The association of prometone and H at the clay inter-

face is undoubtedly more complex than these preliminary studies reveal'

however.
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displaced from the montmoril lonite clar. in the prometone-clay svsrem
as opposed to the clay solutions containing no prometone. Table 3 i l lus-
trates that 0. 1 lI BaCh and 0.01 N NaOH were very effective in displac_
ing adsorbed prometone on the montmoril lonite clay. It is postulated
that BaClz displaced prometone primarily through cation exchange of
protonated prometone by 8a2+ ions. The displacement of prometone
from montmoril lonite by NaOH was probably a combination of convert-
ing the protonated prometone to the moiecular form by the higher pH,
hence making it less tightly adsorbed, and also replacement of protonated
prometone by the Na+ ions.

Equation (9) has been added to i l lustrate that cations other than H+
may compete with the prometone cations for sites on the clay.

P t N a - M = P - ( N a - M )

P -F H:O = HP+ + OH-

H P + * N a - M = H P - M + N a +

1 1 + 1 H P M = H - M * H P +

P  +  H  M = H P - M

(Cation)"+ + HP-M 3 Cation-M + nHP+

(4)

(s)
(6)

(7)

(8)

(e)
where: P:molecular. prometone, Na-M and H-M represent sodium- and hydrogen-

montmorillonite clay_, respectively; HP+:protonated prometone; p-(Na:M)
:prometone physical ly  bound to montmor i l loni re;  and (Cl t ion.Tn+:car ions other
than H+, such as Ba2+, Na+, etc., rvith vaience ,,n.,,

The amount of  prometone adsorbed at  each pH level  is  determined by
the equil ibrium constants of all reactions involved. Since all of the
triazine compounds used in these studies exhibited similar adsorption
effects, it seems probable that the adsorption mechanism for all these
compounds on montmoril lonite was similar.

The possibil i ty of the organic compounds forming bonds with AI3+
andf or Al hydrous oxides in or associated with the clay lattice is not in-
cluded in this discussion.

Molecular structwral ef ects on adsorption. The greater adsorption exhibited
by the methoxy-s-triazine compounds containing dialkylamino groups in
the 4 and 6 positions as compared to those containing only one alkyl
group in each of the 4 and 6 positions is probably a composite of two
factors. Replacement of an alkyl group for a H atom in the 4 or 6 posi-
tions results in an increase in basicity. This is probably because of the
lower electronegative character of the alkyl groups as compared with
hydrogen. The more basic compounds are probably adsorbed in greater
amounts because a larger portion of the molecules are in the protonated
form at each pH level. In addition to the higher basicitv of the com-
pounds with dialkylamino groups in the 4 and 6 positions, there is the
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possibility that the larger molecular size andf or greater number of possi-
ble binding sites of these compounds adds to their greater adsorption on
montmoril lonite clay. Work by Finkel'shtein and Boitsov (1962) indi-
cates that the s-triazine ring N atoms carry a partial negative charge and
the X, Y and Z groups retain partial positive charges. The adsorption of
the molecular species of the s-triazine compounds may therefore be
through a H- or dipole-ionic bond with the 0 in the silicate lattice of the
clay.

The effect of basicity and molecular structure of the s-triazine com-
pounds on their adsorption by montmorillonite clay is evident in com-
paring the results of Figs. 4 and 5. For both series the order of decreased
adsorption for comparative compounds differing only in the 2 position
was:  -SCHB> -OCH3> -OH> -Cl .  The large d i f ferences in  the
amount of adsorption of the various compounds on montmorillonite can-
not be accounted for in terms of basicity alone since the hydroxy com-
pounds, which have the largest pKe values, are adsorbed less than the
methoxy and methylthio compounds. All of the compounds are adsorbed
as cations at pH levels in the vicinity of their respective pKa values. The
bonding is probably through positive charges on the 4 and 6 positions
illustrated in reactions 2 and 3. Other forces are probably also contribut-
ing to the adsorption. Adsorption of the molecular species of these com-
pounds is probably bv bonding of the partial positively charged 2,4 and
6 groups to the negatively charged 0 in the silicate lattice of the clay.
The methylthio-s-triazines are adsorbed in greater amounts than the
methoxy compounds possibly because of the larger atomic size of S in
in relation to O, which may allow for better orientation on the sil icate
surface. Molecular species of the hydroxy compounds are probably ad-
sorbed through partial positive charges at the 4 and 6 positions only,
since the carboxyl O in the 2 position would normally retain a slight nega-
tive charge. Ilolecular adsorption of the chloro compounds was not sig-
nificant in the case of propazine, and the small amount which occurred for
ipazine probably also took place through partial positive charges on the
4 and 6 positions only. All of the 4-isopropylamino-6-diethylamino com-
pounds were adsorbed in greater amounts than the respective 4,6-iso-
propylamino compounds, indicating again that the compounds with
more alkylamino groups are adsorbed stronger than compounds with
less alkylamino groups.

Suulreny aNo CoNcr,usroNs

These studies showed that the adsorption of each of the 13 s-triazine
compounds on montmorillonite clay increased with a decrease in pH to
approximately the vicinity of the respective pKa values for each com-
pound. A further lowering of the pH resulted in some desorption of each
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of the adsorbed s-triazine compounds. Sodium ions were found to be

displaced by prometone at pH levels where prometone was in the pro-

tonated form. BaClz and NaOH solutions were found to displace Iarge

amounts of prometone depending on the pH of prometone-clay system.

Adsorption of prometone b1' montmoril lonite clav was attributed to

molecular adsorption at high pH and a combination of coulombic (cation

exchange) forces and direct association with H on the clay surface at low

pH. A combination of these adsorption mechanisms was postulated to

have occurred at all pH levels.
The s-triazine compounds with dialkylamino groups in the 4 and 6

positions were found to be adsorbed in larger amounts on montmoril lonite

than compounds with monoalkylamino groups in these positions. The

methylthio-s-triazine compounds were adsorbed in greater amounts by

montmorillonite than were the methoxy-, hydroxy- and chloro-s-tria"ztne

compounds, respectively. The amount of each compound which adsorbed

on the montmoril lonite clay depended on the pH at which the compound

became protonated; i.e., the pK6 value, and on the molecular structure

of the compound.
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