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IN T R 0 D U C T I 0 N. 

The colloidal fraction is the vi tal };8rt of a soil. These extremely 

minute particles determine the nature of the soil and are mainly responsible 

for its many and varied flm.Ctions. The most important of these functions 

is perhaps the ability of the colloids to adsorb and exchange cation~; .; · L 

the elements so essential to all organisms as building materials . 

When pure water is passed through a non':saline . soil, the leachate 

wi ll contain very few dissolved cations. If, on the other hand, an 

electrolyte such as a weak s olution of sodiun chloride. is passed through 

the same soil, the leachate will contain considerable quantities of 

calcium, magnesium and potassiun chlorides as well as much of the original 

sodium chloride. The nunber of equivalents of the cations collected will 

be approximately the same as the nunber of equivalents of sodium ions 

added. Sodium ions have displaced sane of the calcian, magnesitm am 
potassiun ions fran the soil. This phencmenon is known as cation exchange. 

Magistad, Fireman and Mabry ( 1) said of cation exchange "It is believed 

that these reactions follow chemical laws and that definite equilibria 

exist between the proportions of each cation on the exchange complex and 

the concentrations of these cations in the soil solutions. u 

Cation exchange is a very canplex process, and even today relatively 

little is known of the actual mechanisms of the reactions taldng place. 

Fran time to time attempts have been made to formulate equations giving 

the equilibr~un relationships of cation exchange in soils. However, 

adsorption equations and equations based on the law of mass action. have 

been applicable only to a very limited degree, and no satisfactory kinetic 

equation bas yet been derived. This has caused great concern and 
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according to Krishnamoorthy and Overstree-t:l ( 2) ) this "lack of ionic 

relationships" might be due to the absence of equilibrium in the ionic 

exchange processes in soils . Another possible reason is that many 

soils are mixtures of widely different types of clays. It may also be 

that the theory used in developing the ionic distribution is at fault. 

The colloidal fraction of a soil, both organic and inarganic1 is 

the seat of cation exchange. Like all colloidal materials it has a 

very large surface area and obeys the laws of flocculation and pepti-

sation pertaining to colloids. Therefore the adsorbed cations on these 

colloidal particles have a great influence in determining the nature of 

the soil. 

The excha~e~ material may be considered as a weak insoluble ? 

acid. This analogy is not quite correct and it bas thus been called 

an "acidoid." 

The following equilibrium exists between exchangeable cations and 

the soil solutions:-

(Aci)M ~ (Aci)- + M+ .•.••.•.••••• (1) . 

where (Aci) = exchange material and 
._uc. 

exchange.., cation. If the H+ ion is the exchangeable 

cation the equation becanes 

(Aci)H ----7 (Aci)- + H+ •••••••••••••• ( 2) 

This is the same equation as for weak acids but the equilibriun constant 

is more obscure than with simple weak acids. The 11acidoid11 seems to have 

nunerous monobasic links rather than being a polybasic acid. In addition, 

hydrolysis taketplace i .e. 
,.. 
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(Aci)M + HfJ ---7 (Aci)H + MOH .•...•• ( 3) 

Reactions such as (2) and (3) are responsible for the pH and buffering 

properties 9f the soil. An excess of H+ ions en the colloid favours 

re~ction (2) and the soil becanea acidic as is the case with all base-

unsaturated soils. 

The monovalent ions Na+ and :rr+ are less tightly held on the colloid 

than Mg2+ and Ca2+ and thus in base-saturated soils, eydrolysis will be 

more apparent with the a.Litali ions than with the alkaline earth ions 

and consequently the pH of the former will be higher. This accounts 

for the excessive alkalinity of soils where Na+ ions predominate ani 

the less alkaline nature of soils with excess of lime. 

Monovalent ions and ~ ions have a dispersive action on the soil 

colloids, thus decreasing water permeability and retentivity (3). The 

2+ 2+ .$ 
dival.ent nature of Ca. and Mg ions ten~to have a flocculating effect 

on the soil colloids. Such soils uaually have good water permeability 

and on this account, apart fran any nutrient effects due to ca2+ and Mg2+ 

ions, are considered desirable for good plant grORth. 

']9le proportions of the major exchange cations, ca2+, Mg2+, Na+, rC' 

and H+
1 

in a soil are important because of their effect on the availability v 

of the minor elements of the soil like Cu, Zn, Mn and Fe ( 4) • 

Other cations besides the four ~or ones can be adsorbed on the 

exchange material. Thus in certain acidic soils Mn2+ predominates over 

2+ 3+ 3+ Mg on the exchange material. Fe and Al are also camnon but it is 

doubtful whether trivalent cations exist as true exchangeable ions. 

Soils may also contain traces of exchangeable cu2+, Li +, NH
4

+ and Fe~. 



The mechanism of intake of exchangeable cations by plants seems to 

be through an exchange equilibrium between the plant root and the soil 

solution, and also in certain cases a direct intake by the plant fran 

the exchange materialJt ( 5) • . , 
The general e.ffect of the exchangeable cations on plant growth and 

crop yield was neatly investigated on a wheat crop b,y Dalip Singh and 

Dev Rajchawla/ (6) • 

They foWld that:-

(a) Germination of seed was delayed in soils treated with monovalent ions . 

(b) Plant growth and crop yields were better with divalent cations. 

In this respect calcium was the best and sodiun the worst. 

(c) The percentage of mineral matter removed was largest fran potassi~ 

soils and least fran calcium soils. 

(d) The plant consumed a luxurious amount of the largest available cation 

species. The daninant cation suppressed the adsorption of the other 

cations. 

(e) Crops removed a maximun amoWlt of phosphorus fran magnesiun soils 

and l~s t from calcium soils. 

Adequate knowledge of cation exobinga problems in soils is becoming 

of increasing importance in this age of non-hunus fertilizers and 

dwindling food reBerves. The author decided to undertake this work, on 

the critical study of methods of analysis used and the cation exchange 

properties of South African soil types, in order to augment data 

obtained at this laboratory by fo:nner investigators, Shirley ( 7) and 

Piemar,. ( 8) ... 
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A. REVIEW OF THE DEVELOB!ENT OF CATION EXCHANGE THEORIES. 

It had been known for centuries that soils have the power of 

decolorising and deodorising liquid manures. \lhen it became known 

early in the 19th century that plants required nitrogen for growth, 

and with the advent of inorganic fertilizers, the way was opened for 

soil scientists to investigate the amnonia absorption powers of soils 

and hence their cation exchange properties. 

The first serious investigations ware carried out by Thanson (9) 

in 1845. Unfortunately, his experiments were not published until 

1850 when Way bad already submitted a muoh more thorough iDwestigatian 

on the subject. 

Way was the most important investigator in this field up to 1910. 

His first paper, published in 1850_,... ( 10)1 re:presented the first systanatic 

and cohesive account of cation excbange in soils. Some of his conclusions 

were erroneous but most of them have lllidbstood the test of time. His most 

:important errors were:-

(a) In stating that the reactions were irreversible. 

(b) In assuming that neutral and basic substances were adsorbed by 

different mechanisms. 
I-n <tsSU'frlf n$ . 

(c)~AThat the adsorption was not caused by organic matter. 

His second paper, published in 1852 (11)1 showed that simple calcium 1 

silicates failed to adsorb ammonia, but that considerable quanti ties were 

adsorbed by ccmplex double silicates of aluminium and sodiun. 

The inve.stigations ware advanced by Liebi~ ( 12)1Eichho~ ( 13)) 

Petero/ ( 14)) Frankl ( 15) , Soloman; ( 16)1Heiden; ( 17)
1 

and Knop..,v ( 18). 



The opinions of these investigators differed considerably as to 

whether this adsorption was a physical or a ohanical phencmenon. They 

found that other cations..r.magnesium, potassiun and sodium.;were also 

exchangeable but they were confused as to whethar neutral and OO.aio 

substances were adsorbed in the same mamer. The acidic properties of 

soils were not attributed to the presence of a+ ions but to the fact 

that anions ranained in the solutions while tb:lir cations were adsorbed. 

The first semblance of order was brought into the subject when 

Lemberg ( 19) showed that by treating Le~ite with sodium chloride it C.. / 

was converted into analcite, a soaiun mineral, and that the process 

could be reversed by treating analcite with potassittn chloride. Thus 

by oa tion exchange one crystalline silicate was converted to another. 

This work was important in its bearing on the argt.ment concerning the 

nature or tb.e cation exchange process. 

Van BEIIItlelen (20) published a revised paper and put forward his _ .... 
theory of hydrogels . These hydrogels\18re canposed of indefinite 

proportions of Al(OH) 3, Fe(OH) 3, Si02 and ht.mus. 

He considered that, when in contact with a salt so:J,.ution, these 

gels adsorbed the salt and that the water solution within the gel might 

f.JVen becane mare concentrated the.n the solution outside. 

·Wiegne:u.o {21) further developed this theory by asst.ming that the 

hydrogels adsorbed OH- ions, thereb,y acquiring a negative charge, and 

thus ~re capable of attracting cations. He pictured the particles 

as being canposed of (a) a kernel1 (b) a layer of adsorbed anions close V 

to the kernel, and (c) a more diffuse swarm of exchangeable cations 

surrounding the par~icle. 
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Mattson { 22) stated that the inorganic exchange material of soil 

was of the nature of ise>-eleotric precipitates. In this he was 

supported by the great Russian investigator Gedroiz {23) who assuned 

that adsorptive particles might be formed either by weathering of 

rocks or by the mutual precipitation of two constituents of the soil 

such as silicic acid and the hydroxides of iron and aluniniun. 

According to Mattson and Hester (24) iso-electric precipitates 

were not mere mechanical mixtures but chemical compounds, the union 

being effected by acidoid ~ and basoid aa- with H2o splitting off . 

The remaining H+ ions of the silicic acid were thought to be the seat 

of the exchange mj.chanism. At the iso-electric point there 'W9-s no V"' 

exchange power but at high Iii va.l.oos the residual OI1 ions of the 

basoid might ionise as 

s 
and the material bi~ _pronounced cation exchange powers. 

:t.tattson and Csiky (25) showed that the exchange capacity of silica 

gel was substantially increased in the presence of aluniniun and ferric 

hydroxides. This bad a maximun, however, above which the stronger base 

suppressed the exchange pONer mare rapidly than the weaker one. It 

appeared that silic ic acid was activated When in partial combination 

with a base. 
fnii~St:tga.tors 

All these ch l"VI& assuned that the colloids -were amorphous and ., 
so when H~ndriks and Fry ( 26) .i and Kelley, Dore and Brown ( 27) , 

'· 
discav ered tm t the fine grained material of the soil was crystalline, 

an entirely new light was cast on the subject. This discovery soan 

led to the identification of the specific substances that were 
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responsible for oati~n exchange in soils. They were chiefly the clay 

minerals, mon1morillonite, beideli te, hydrous mica, kaolinite, and 

halloysite. 

The modem concepts of crystal structure as evolved by Bragg, 

Goldsclmidt and Pauling ( 28) were that this exchange was due to 

isanorphism in the crystal structure of certain minerals ( 29). 

It was well established that clay minerals hav.e a laminar plate- ~ 

like appearance. This layer lattice was canposed of planes of Si ions 

in which each Si ion was surrounded by four closely packed oxygen ions 

arranged in the form of a tetrahedron. The relative sizes of the 
0 0 

oxygen and silicon ions (Si = 0.8 A, 0 = 2.7 A) made possible a very 

close packing. In Quartz each silicon ion was a part of adjacent 

tetrahedra, which were so arranged that the negative chal!ges of the 

oxygen ions were just balanced by the positive charges of the silicon 

ions, consequently quartz was electrically neutral except on its surfaces. 

In certain of the alunino~ilicates such as zeolites the aluminium (/ 
0 

ions (Al 1. 1 A) were also present in the tetrahedra, being surrounded by 

four closely packed oxygen ions. Since the altminium ion bore only three 

positive charges, . these minerals should contain additional cations to 

balance the excess negative charge of the alunina tetrahedra. These 

additional cations ~re l~sely held on the mineral and .could readily 

be exchanged far aoo&her cations. The ferric ion could also cause iso­

morphisns in the tetrahedral position and in certain clays isomorphisms 

in the octahedral p9sition caused cation exchange. 

In the case of muscovite there was a lack of balance in the tetra­

hedral and octahedral planes but this excess of negative obarge was 
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neutralised by a potassiun interlayer. This potaasiun interla.yer was 

a necessary part of the structure of the lattice and the potassiun 

ions were held too strongly to take part in any exchange. Thus muscovite 

had very little exchangeatlile power, even although the inner crystal 

structure was electrically unbalanced. 

Mon1marillonites bad a swilar structure to the electrically 

neutral pyropeyllite and muscovite. It,however, swelled in water, ha'lt 

pronounced cation exchange powers and the crys.tals were thin, platy ani 

iiTegular. The crystals were electrically unbalanced due mostly to 

iscmorphisms in the octahedral planes. This was balanced by cations 

on the surface of the crystals, which were responsible for the exchange 

properties of the mineral. 

The cation exchange capacity of clays, especially eydrous mica varied 

wi tb pi. This variation bas been attributed to the ionisation of the H+ 

from the Oil groups in the mineral. Mitra and Rajacopalan (30) considered 

that the negative (surface) c~ge of a clay crystal, which was responsi­

ble for its base exchange or base combining capacity, has a definite 

limiting value and is caused partly by isanorpho~s replacement of 

cations within the lattice and partly by dissociation of the available 

-OH groups of the crystal. 

The organic fraction also contributed, to a varying degree, to the 

total cation exchange power of a soil, but it was mostly restricted to 

the very top of the soil. Weight for -weight these organic colloids have 

a greater exchange capacity than the mineral colloids. Not a great deal 

was lmown about the organic colloids. They are generally referred to as 

hunus, h~ic acids, or uronic acids. In soils they appeared as : . 
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insoluble acids with soluble cations attaChed to thsn. They were 

rsnarkably similar ~ elemental constituency, even although produced 

under wdJdely dif'fering conditions. They seemed to be mixtures of 

lignin fran plant sources -and proteins fran microbial synthesis (31). 

They also fonned canplexes with inorganic colloids and experimental 

evidence obtained by Allison, Sherman and Pink (32) showed that the 

nature of the inorganic colloids present influenced the f crmation of 

this humus. 
y 

The organic colloids were usually more lyop~lic than the mi~ral 

colloids and they were more easily synthesised or decanposed than the 

mineral particles. T-h1is :ifhey :ware very important in the improvement or 

deterioration of a soil. 



11. 

B. A REVIEW OF THE MEJ.'HODS OF DETERMINlliG EXCHANG1W3LE CATIONS IN SOilS. 

The quantitative determination of exchangeable cations depends on 

the fulfilment of three canditionsln' (33) :-

(a) Oanplete replacanent of all exchangeable cations by sane cation not 

present in the sample. 

(b) Accurate analysis of the solutions obtained. 

(c) Determination of, and suitable corrections for the cations that pass 

into solution;..:~. 

(i) From soluble substances. 

(ii) By decanposition of sane substances in the sample e.g. calciun 

carbonate. 

The exchangeable cations can be removed from the soil either by 

electrodialysis or by leaching with a suitable electrolyte. 

Electrodialysis is accomplished by applying an electric potential 

to a soil mixed with a certain volume of water and situated in the 

central ocmpartment of an electrodializing machine like the Loddesol 

apparat~f ( 7) ... The· soil compartment is separated from the anode and / 

cathode canpartments by semi-pezmeable membr&nes.. The exchangeable 

cations are collected in the cathode compartment. 

Electrodialysis has the advantage that analysis can be dol¥' without 

the separation of a leaching agent, but it is a rather cunbersome and 

tedious process compared with leaching methods. 

Under leaching conditions, a soil is brought into contact with sooh 

a large excess of the cations of the leaching solution that the equili-

briun is displaced and all the exchangeable cations are replaced by the 

leaching cations. This is called exhaustive leaching and it is in 
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great contrast to the equilibritm comitions used by early workers such 

as Way ( 10), Liebig ( 12) and Peters ( 14). 

Since caticn exchange is a rev-ersible process, canplete exchange oan 

only be brought about if the replaced ions are removed fran the sphere 

of action. Equilibrium between the soil and the displaci:ng solution is 

set up very rapidly but usually considerable time is required to allow 

the solution to diffuse into the crystal structures of minerals such as 

montmorillonit~. 

Leaching is accanplished by passing the leaching solution slowly 

through a column of soil so that fresh liquid is always replacing tmt 

drawn off and th,us ""constantly ranoving the exchanged cations from the 

sphere of action. The shaking of the soil with aliquots of the solution 

and filtering by centrifuge, has also cane into pr-actice especially for 

impermeable saline soils. 

The leachate is analysed for the individuaJ. cations, calcium, 

magnesium, potassiun and sodiun. The quantity of cations adsorbed by 

the soil from the solution .is kno'Wll as the base exchange capacity of the 

soil and the exchangeable hydrogen is determined by subtracting the total 

of the cations found in the soil fran its base exchange capacity, or it 

can be found by a titration of the leachate. 

Pienaar ( 8) gave a very good review of the various leaching methods 

used and their application to special problems encountered in certain soils. 

Leaching agents are chosen to be electrolytes which are easily 

destroyed or volatilised and do not interfere in the ~ubsequent analysis. 

The following leaching agents have been used:-· 
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(a) Weak solutions of strong acids such as hydrochloric acid ( 34). 

Here the W ion served as the replacing cation. Unfortunately the 

strong acid appeared to decompose the exchange~ material and it 

has a great solvent action on calcareous materials. 

(b) Strong solutions of weak acids have been useq ana formerly a 

great deal was done on citric acid extracts but these results did not 

correspond to the exchangeable cations and they might be considered 

emp~ 

(!( A 0. 5N\olution of acetic acid ( 35) is useful for leaching sandy soils 

but incanplete replacement of calcium occurs in sa.v,e heavy clay soils. 

(c) .Anmonium chloride solutions have been widely adopted,.., (36) •. Gedroiz 

( 34) showed that a normal solution of aiilllloniun chloride has good replacing 

powers . In addition tm anmonium ion can easily be removed by volatili­

sation and it is easy to find the quantity of HH4+ ions adsorbed by the 
t~f! 

soil using~ Kjeldahl method. Unfortunately ammonium chloride peptises ,, 
alumina and silica in soils and it has an appreciable solvent action on 

calcareous materials. 

(d) Today the most widely adopted leaching agent is ammonium acetate and 

more will be said about it in the next chapter . 

(e) SOO:iun chloride has been used as a lea.c~ng agent, notably by Hissirik:~~ 
'W#.ile. fie.t~"'"'Wtl?~<:.d! 

~ ~ the exchangeable sodium has to be~ by sane other method. L. 
..--

This sodium chloride method was evolved mainly for leaching calcareous 

soils but it was found by Kelly and Chapnan (38) to dissolve appreciable 

quantities of calcium carbonate in the presence of carbon dioxide. 

Moreover, all the calciu:n ions were not easily displaced by the sodiun 

ions in heavy clays . 



(f) For the determination of exchangeable calcium in a calcareous soil 

Puri (39) leached the soil with 0.1 N sodium carbonate lJolution or with 

ammoni\D carbonate solution. The loss in carbon dioxide was considered 

equivalent to the exchangeable calciun present. 

(g) For ·.l~aching non.:Oalcareous soils,Puri (40) also used a solution of './ 

0.1 N oxalic acid in na.nnal ammonium acetate, and he considered the loss 

of oxalic acid to be equivalent to the exchangeable calciun. 

(h) A. 0.3·N cupric nitrate solution was used by Fieger, Gray and Reed 

( 41) . The base exchange capa.ci ty was determined by the decrease in the 

copper content of the leachate. Copper was determined fran the leachate 

by an electro-deposition method which leaves a copper free solu~ion, for 

the ana.lysis '!f the usual cations. 

(i) Fran time to time bariun salts have been suggested but they seem to 

be adsorbed strongly without displacing equivalent amounts of other 

oa tiona. They also present the analytical difficulty of separating 

barium fran calciun. 

· Meblich (42) proposed a new method for the rapid determination of 

exchangeable cations using barium chloride - triethanolamine chloride 

as the buffered leaching agent. Calcium was determined v olunetrically V . 

and magnesium lodiun and potassiun colorimetrically. The base exchange 

capacity -was obtained by replacing the bari.un ~ons with calciun chloride. 

These leaching methods were applicable to soils without excess 

soluble salts. Saline soils present even greater problems than calcareous 

soils, since the presence of excess soluble salts, caused the base status 

of the soils to vary with soil moisture~ \ (.l.J) • 
I '-._ 

Gedroiz (34) proposed leaching out the salts with water and 
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determining the cations in the usual way. Unforttmately, as Wall pointed 

out by Kelley and Brown (43), this prel:iminary leaching might alter the 

proportion of cations in the soil. 

Kelley _and Brown detennined soluble sodiun and potassium in 1 to 5 

water extracts of the soil and again in extracts obtained by leaching a 

sample with nonnal aJIJJlOniun acetate. The water soluble amounts were 

subtracted from the ammonium acetate extracts and the difference was 

considered to be exchangeable sodium and potassiun. The anmonia adsorbed, 

less the sun of the_ exchangeable potairsitm::B:nd:.:godiim·, was considered to 

be the exchangeable ca.lciun and magnesiliD. The great difficulty in this 

method was that errors were introduced in finding the exchangeable sodiun 

and potassiun. 

Reitemeier (44) determined the soluble calcium, magnesium, potassiun 

and sodium at any moisture concentration. Exchangeable sodiun was 

determined b,y an ammonium acetate method and the cation exchange capacity 

by an ammonia adsorption method. Exchangeable calcium, magnesiun and 

potassium were determined by empirical factors. 
h•!Jh~r 

Certain investigators attempted to use~tenperaturesto facilitate the 

leaching methods but the exchallge reaction was only accelerated slightly 

by any rise in temperature. The increase in solubility of certain con-

stituents, plus the danger of decomposing some exchange material, more than co 

counter,- balanceti the advantages obtained by more rapid leaching. 
~ 

The determination of exchangeable cations, as with other "available" 

constituents was not accurate in a strict analytical sense. The results 
l 

varied considerably between the methods and even between replications of 

the same method. This lack of reproducibility was a grave drawback when 

(. 
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the natJ,re o'f the phenanenon was being investigated and in the 

formation of suitable reaction equations, but it did not seriously 

interfere in soil studies pertaining to the state of the soil and 

its suitability for plant growth, as here only rough indications 

were necessary. 
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C • PREVIOUS WORK ON TEE AMMONIUM ACETATE IEACHmG METHOD . 

Ammonium acetate has been widely adopted as a leaching agent in 

cation exchange studies. The first investigator to use it was 

Prianishni,kov (45) in 1913 but his work was overlooked until 1930, 

when Schellenberger am Dreibelbis (4.6) published a paper on the 

advantages of ammonitE acetate as a leaching agent . 

.Armnonium acetate is a neutral salt, and it has pronounced buffering 

properties around pH 7, as ~y be expected fran the fact that the dissoci-

ation constants of both acid and base are snall and nearly equal; being ~/ 

about 1 . 8 x 10-5 at 25° C. 

This bu:ff;eri.Dg is very important because ~t means that the gt" ions 

of the solution are not increased to any considerable extent by the 

accunulated products of the exchange reactions. A maxim\Jll of NH4+ ions 

will be adsorbed and a single treatment will suffice for the extraction 

of all the cations and for the determination of exchange capacity as well. 

.Anmoni\Jll acetate is readily soluble in alcohol. Therefore, in 

preparation for the determination of the total exchange capacity, a l cohol 

is employed to remove excess ammonium acetate fran the residue of soil. 

Ammonium acetate is more easily destroyed by evaporation than ammoniun 

chloride. It does not 'bump' or creep up the sides of the dish during 

evaporation. Being a salt of a fatty acid, it has a wetting action which 

is useful for leaching purposes. 

At a nonna.l concentration it does not disperse clay soils but 

difficulty was experienced by the author with certain organic soil 

colloids. Aluminium acetate is slightly soluble in ammo~um acetate 

but it does not peptise nocculated alumina colloids. 
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Golden, Gammon and Thomas (4.7) found that solutions of anmoniun 

salts of organic acids displaced more cations fran a soil than did 

solutions ~f barium, cupric, manganous or pota.ssiun salts. They also 

found that acetate anions gave the highest and most consistent results 

for anions. Thus it was shown that ammoniun acetate should be a most 

efficient leaching agent. 

Shirley (7} compared the results obtained by electrodialysis with 

the results obtained by various leaching agents like normal ammoniun 

acetate, 0.5 N acetic acid, N ammonium chloride and 0.1 N oxalic acid in 

nonnal ammonium acetate. He f'otmd the N ammonium acetate gave the most 

reliable and consistent results. 

When only the total exchangeable cations are required, anmoniun 

acetate lends itself' to very rapid and reliable methods of analysis like 

the method of Bray and Willhit~,.,. (48) J whereby the acetates are evaP.orated 

and converted into carbonates by heating. The carbonates are determined 

by means of an acid-base titration. 

Schellenberger (4.9) modified this method by adding a f'6W drops of' 

hydrogen peroxide to dissolve any oxides of manganese present and thus 

include exchangeable manganese in the determination. 

Pienaar (8) found that this method gave low and inconsistent results 

probably due to the incomplete conversion of acetates to carbonates. He 

evolved a new method whereby the residue~ acetates 11B.s heated to destroy 

organic matter and eXPess hydrochloric acid was added to convert the 

acetates to chlorides. The hydrochloric acid was evaporate off and the 

Chlorides determined argentometric~lly. 
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Piena.ar used this method to investigate the reproducibility of 

results obtained by ammonium acetate leachings on 12 different South 

African soil samples. He found that in 12 leachings for each soil the 

percentage standard deviations fran the mean varied fran 0. 3 % to 4. 7 r~. 

He did not use any calcareous or saline soil samples . He attributed this 

variation in reproducibilit~ to the difficulty of leaching out all the 

exchangeable calciun in sane soils and to the conversion of non.:-e:xchange- '-"" 

able magnesiun to exchangeable forms in certain cases. 
a.c,o\ 

He did his final hydrochloric~ ev~oration on a hotplat_e kept approxi-

mately at 180° C. .e.n interesting feature was that when the ratio of 

exchangeable calcium to exchangeable magnesium in the soil fell below 

4 : 1, the chloride figures were considerably lower than those obtained 

fran the sum of the individual analysis of the cations. 

The analysis of standard samples of calcian and magnesiun mixtures 

confirmed this and Pienaar concluded tta t it was due to the hydrolysis of 

MgC126H2o, but that the hydrolysis became negligible when the Ca : Mg 

ratio was more than 4 : 1. He suspected that a calciun-magnesiun chloride 

double salt was responsible for this behaviour and he overcame the 

difficulty of hydrolysis by adding a calculated quantity of calcium to 

the aliquots to bring the Ca : Mg ratio above 4 : 1. 

Ammoniun acetate as a leaching agent has the following disadvantages:-

(a) It has an appreciable solvent action on calcareous materials and some 

organic substances in soils. 

(b) It is difficult to titrate an excess of acid or base in the large 

volune of saline-buffered solution. 



20. 

(c) The leachate is very vulnerable to llicrobial attack which causes it to 

aeoaapose quickly. 

(d) Ammonium acetate, when heated, produces a snall quantity of acetamide 

which has a very unpleasant smell. 

(e) As with all leaching processes, there is a slowness in the attainment of 
solut i on 

equilibriun between the soil and the leaching/which increases the possibility 

of the exchange material recovering, that is, converting nor?"exchangeSble t/ 

cations to exchangeable fonns and thus giving high results. 

Pienaar, however, found no significant differences between the exchange 

values of soil samples leached for four hoUt"s and those leached for sixteen hours. 

In spite of these disadvantages ammonium acetate seems the most suitable 

leaching agent for miversal adoption .~ a/unerous instrunental methods have Y 

been developed to fim the exchangeable cations in soil more rapidly, 

accurately, using ammonium acetate as the leaching agent. • M. Peech (51) described a micro-method determining exchangeable calcium 

volunetrically and magnesiun, 

photo-electric color~eter to 

potassium and manganesefolor~etrically using a 

c~ 
analyse the ammoniun acetate ~ea~tes. 

In.' 1945 Peech (52) modified his methods so that the cation exchange 

capacity could be found by direct nesslerisation of the ammonia adsorbed and 

v. 

he used spectro:Photometric methods for the analysis of the ammonium acetate ~ 

leachates. 

-
Heidel (53) described a very convenient method of analysing ammoniun acetate 

leachates by direct photo-electric spectro-chemical determinations, employing 

standard curves for Ca, Mg, Na, K and Mn. The leachate was evaporated am the 

organic matter destroyed in tm usual way. Tile residue was dissolved in dilute 

hydrochlor:!-c acid. It was vaporised in a gas flame. The Mg and Mn intensities 

I 
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were measured directly through monochrcmaters and the calciun, sodiun and 

potassi~ through flame photometric filters. 

The Beclona.n Model D. U. spectrophotometer was described by Cary and Beckman · 

(54) in 1941. It consisted essentially of a quartz photo-electric spectropho­

taneter and a gas burning ataniser. It was further improved and Gilbert, 

Hawes and Beckman (55) gave an account of the instrument with its filters 

monochrcmaters and imprOV' ed gas- burning ataniser. 

Fieldes, King, Richardson and Swindale (56) gave a critical account of its 

use to determine cations in soils. All the cations were determined in a single 

analysis. The chief trouble in its use was the variability of gas pressure and 

the blocking of the ataniser due to traces of silica, alumina or other impurities. 

Phosphate and iron were found to interfere with the calciun and magnesiun 

determinations. The procedure adopted overcame these difficulties and permitted 

the est~tiona of exchangeable magnesium, far which, a satisfactory flame 

photometric procedure had not been reported previously. Detenninations of 

sodium could be made on the same solutions as the other cations in this flame 

photometric method. The reliability of this procedure lias been carefully 

checked by chemical methods and it was considerably faster and more convenient 

than standard volunetric methods. 

The reproducibility of the results were not nearly as good as those obtained 

by the author using volumetric methods but this w~ no great disadvantage in 

the routine analysis of soils. It might be possible that in the near future 

instrunental methods might becane as accurate as standard chemical procedures 

but volumetric methods will alwey-s be useful in the standardization of the 

instrunents and as checks. 
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D • DESCRIPriON OF i'HE MET:OOOS USED m THE ANALYSIS • 

a. Sampling procedure. 

C .R. van der Merwe (57) classified the soils of South Africa on 

modern Pedological lines. The author has atta:npted to obtain several 

soil samples from each of the major soil regions as indicated on van 

der Merwe's soil map. 

About sixty soil samples have been obtained. They were taken with 

the intention of getting samples that fit the descriptions of the types 

as classified by C.R. van der Merwe rather than samples representative 

of a given piece of land. 

A sharp instrunent was used to cut away t~ top inch of the soil 

which contains the surface mulch. A sample or a few 100 gns. soil -was 

then collected from the f'irst 6 inches of soil. Usually several such 

small swnples were collected from different spots in the area until a 

total bulk of' about a kilogram was obtained. . . 
~ 

The samples were thoroughly mixed and spread out on trays, the 

bigger lunps or clods being broken up wi tbout grinding. The sample was 

left to air-dry for three days and then sif'ted through a 2 mm .. round bole 

sieve. The coarser materials were again crushed and sieved until only 

primary particles and organic matter r91lained on the sieve. These were 

discarded and the sifted, air-dried, soil was kept in a clean stoppered 
... 

bottle• I t was thoroughly sbB.ken each time before use as the finer v · 

material appeared to migrate to the bottom. 

b. leaching procedure. 

(i) Preparation of the leaching agent. 

T~ normal ammoniun acetate was made Up according to the method of 
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Schellenberger and Dreibelbis (4-6) but the author. modified the procedure 

sanewbat. 10 litres of ammonium hydroxide and acetic acid were made up 

having normalities of just greater than 2 N. Their strengths were 

determined and then diluted to 2 N. Equal volumes were mixed so that 

the resulting ammoni\IJl acetate should be 1 normal. 

Since the strength of the solution was not a critical factor, the 

shrinking effect, due to the addition of an acid to a base, vas igm>red. 

100 ml. of the aJ!IllOnium acetate was adjusted to have a pH of exactly 

7.00. It was then ti1;J:;"ated against 2 N amnoniun hydroxide and the pi 

measured at various stages during the ti tre.tion, employing a ~farconi pH 

meter. Another 1 00 ml. sample of ammoniun acetate was titrated similarly 

against 2 N acetic acid. A graph (fig. A) was drawn of ml. acetic acid 

or ammonium hydroxide versus pH. This graph was very useful for the 

adjustment of the pH of the stock solution of leaching agent to exactly 

7.00. The pH of the stock solution was found and then t~ quantity of 

acetic aoid or ammonium hydroxide required to adjust the pH ito 7.00 was 

determined from the graph_. 

It was found advisable to check the pH of the anmonium acetate every 

few days as it tended to absorb carbon dioxide. 

(ii) Method of leaching. 

Appa.ra tus. 

The filter tube is of 40 mm. diameter, 150 nm. height and the stem 

50 mm.. long. The tube easily holds 100 gms . of an average mineral soil, 

air-dlial and sifted to pass 2 liiil. 

The leaching apparatus is assembled as shown in the diagram (Fig. B) 

·I The apparatus as shown consists of a 12 L. fat bo:tman flask as the 
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reaenoir of ammonium acetate, the filter tube and a 1, 000 ml. standard 

:flask :for collecting the leachate. All the connections are made of glass 

am rubper tubing bent as shown, to form a closed system. Both leaching 

solution and leachate are thereby protected fran changes in pH. which mq 

result from a loss of ammonia or the adsorption of carbon dioxide. The 

standard 1 litre flask is .used to collect the leachate. This facilitates 

the accurate measurement of aliquots for analysis as exactly 1, 000 ml. are 

collected in each case. 

Procedure:-

Stuf'f a small pad of cotton wool into the bottom of the filter tube 

to prevent the passage of soil grains into the leachate. Pour some 

ammcni\.IIl a~etate through the :I;ad to rinse it and to check on the perco­

lation rate. Close stopcock B and pour 75 ml. of ammoniun acetate into 

the filter tube and then add the we igbed soil into the filter tube. The 

preliminary addition of the solution prevents the fbrinking and caking of 

the soil and :facilitates the mixing of' the soil with the solution, so as 

to get optimum }.eaching conditions. 

The author used 100 gram• samples for soils poor in exchange cations 

and 40 - 80 gms. for black clays and richer soils. 

Open stopcock A and apply gentle suction to stopcock C to start the 

flow of solution from the reservoir. Close stopcock 0 and regulate stop-

. cock B so that 1,000 ml. are collected in 5 to 6 hours. See that the soil 

sample is kept well c011ered with solution as this promotes steady and even 

leaching. The leaching operation does not need much further attention 

except regulating the flow fran stopcock B every hour or so. 
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c. Determination of individual exchangeable cations. 

Collect exactly 1,000 ml. of the leachate. (Solution A). The 

ini ti.al separations of silicates, ircn, aluninium and manganese are 

. emitted because the first three are usually only present in minute 

quantities and manganese is determined together with magnesiun. These 

separa ticns are undesirable as they greatly increase tha ammonium ion 

concentration and thus interfere with the magnesium phosphate separatio~. V 

( i) Calcium ( 8) (Modified) . 

Take a 100 ml. ~~uot of solution A and evaporate to dryness on a [/ 

hotplate in a 250 ml. pyrex beaker. It is adv.isable t o hi:Mt .. 1ho hot. plate 

turned down as low as possible in order to avoid spluttering, when the 

residue dries. Cover the beaker with a watch glass as a further pre­

cautionary measure against bunping, s~uttering or foreign matter (e.g. 

plaster) falling into the beaker during evaporation. 

When all the ammonium acetate bas been driven off, wash the glass 

cover into the beaker and ranove it. Add a little aqua regia (58) and 

evaporate the contents of the beaker to dryness on a waterbath. 

Ignite the residue in a ~ut'fle furnace at 400° C for 10 minutes. 

The residue should be completely white after this treatment. A brownish 

colour indicates the presence of manganese. 

Dissolve the residue in 5 ml. 6 N hydrochloric acid and add distilled 

water to bring the volune to approximately 100 ml. Heat to boiling on a 

hotplate and add 5 - 10 ml. of a solution containing 10 ~ each of oxalic 

and acetic acids, and with sufficient bromocresol green to produce a 

distinctly yellow-tint. Now add dropwise a solution of ammonium hydroxide 

(6 N), stilTing constantly until tP,e indicator colour is a pure green, 
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corresponding to a pH of approldmately 4-. Boil, with frequent stirring 

until the precipitate has coarsened appreciably. Filter through a Whatman 

No. 40, washing the precipitate with hot very dilute ammonium solution, 

and adding the first few washings to the filtrate containing magnesium. If 

little or no calcium oxalate is precipitated at once, digest the mixture 

for several hours with the occasional addition of a drop of ammonia if 

necessary to separate the small amount of calcium (according to Chapnan) 

(59;) . 

Dissolve the precipitate of calciun oxalate in 50 ml. of hot 10 1& 

(so2 free) sulphuric acid and hot water by piercing the paper with a thin 

glass rod and washing the precipitate into the original beaker. 

Titrate t hi s s olution at 55° C - 60° 0 with N/20 standard potassium 

permangana.te tbcfai~llLpi.Jlk· which does not fade after stirring thoroughly 

for a few seconds. Do a blank determination on 100 ml. of theN ammoniun 

acetate leaching solution. 

One millilitre of N permanganate corresponds to 1 mgm. equivalent of 

calciun i.e. to 0.02004- gm. calcium in the ~liquot • 

. (ii): Magnesiun (Pienaar (8), Scott (60)). 

Combine the cooled filtrate and first washings fran the calcium 

oxalate pre~ipitate. Add 1.0 gm,.. of eydrated dialllllonhm hydrophosphate, ., 

L(NH~ 2 Hro4• 7Ilt:JJ in 10 ml. distilled water, followed by strong ammonia 

solution dropwise and with constant stirring. Rub the inner walls of the 

beaker and str:i,..ke them with the stirring rod to encourage the crystallisa­

tion and adherence to the glass of precipitated tfg(NHJ ro4 .6H2o. 

After the precipitate appears or when an excess of anmonia is clearly 

present , continue stirring for 2 or 3 minutes, then add one tenth by 
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volume of strang ammonia. solution slowly and with further stirring. 

To prevent the esca.pe of anmonia., cover the bea.ker and set aside in a. 

cool place overnight. Filter on a. Wbatfna!l No. 42 filter paP'r and wash 

well with cold water containing one tenth of its volune of strong ammonia 

solution; -wash finally with alcohol to expedite the drying of the filter 

paper. The paper plus precipitate may be dried in an oven for 10 to 15 

minutes •at 60° C. 

When the odour of ammonia can no longer be detected, transfer the 

precipitate and filter paper to the original beaker in which the precipi-

tation was done. 

Add a few drops of methyl- rediiii!lethylene-blue mixed indicator and an 

excess of standard decincnna.l eydrochloric acid . Warm to 90° C and leave 

for half an hour. Titrate b.\ck with standard 1/20 N sodiun hydroxide fran 

a microburette. In this titration tribasic phosphate is in effect titrated 

to monobasic phosphate and 1 ml. of normal hydrochloric acid is equivalent 

to 1 mgm. equivalent (or 0.01215,. gm.) of magnesiun in the aliquot taken. 
; 

(The mixed indicator is prepared by dissolving 0.125 @n,.. methyl red and V 

0.083 gm. methylene blue in 100 gms. absolute alcohol. This indicator is 

green in an al.kalillt medium,violet blue in an acid medium and the end point 

corresponds to a steel gray colour.) 

(iii) Pota.ssiun (method developed by Steyn (61)) . 

Reagents. 

Sodium cobal:trinitrite: : Prepare an aqueous solution, containil!lg 1. 0 

gm. trisodium cob.\ltinitrite of reagent quality per 5 ml. of solution. 

Filter before use, it necessary. A fresh solution should be made for each 

set of deter.minations. 



28. 

Sodium bicarbonate (about saturated/ ) , 

Dissolve 96 gms .(c,.P J sodium bicarbonate in 1 litre of distilled \.­

water. Filter. 

Potassitm iodide ( 10 %) , 

Dissolve 100 gms. potassium iodide in water and dilute to one litre. 

Before use remove acy trace of free iodine with a drop or two of' thio­

sulphate solution. 

Sulphuric acid (50 %, so2-free) . 

Add carefully, with stirring, 500 ml. cone. eulphuric acid to 500 ml. 

water. Cool and bring to faintly pink wi. th N/20 potassium permanganate. 

Starch ( 0.1 %) , 

Freshly prept.red for each set of detennina.tions. 

Asbestos. 

Place a suitable quantity of gooch asbestos in a large porcelain basin. 

Add a few permanganate crystals and enough 20 % sulphuric acid to cover 

the whole mass. Digest on a waterbath for 3 hours. Wash the brown mass 

with water to remove the excess potassium pennangana.te. Add excess oxalic 

acid and dilute hydrochloric acid and heat on the waterbath until the mass 

is white. Wash thoroughly with hot water on a Buchner funnel, until free 

fran acids. The asbestos so prepared can be used repeatedly. 

Sodiun thiosulphate (N/20) 

Dissolve enough Na2S2035H~ in 5 litres water to make up to 1/20 N 

strength. Add 1 ml. chloroform to keep the solution· stable. Standardise 

and check the normality every fortnight. 

Potassium Penna.ngana.te (N/20) 

Boil and filter a normal solution of potassium permanganate and 

dilute to N/20. Standardise and check at regular intervals. 
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Analytical procedure. 

Evapo1"8.te 100 ml.. · aliquots of solution A to ciryness on a waterbath. 

When completely dry add a lit~le aqua regia and evaporate ~ to dryness 

again. Ignite in a muffle furnace at 400° C for 10 minutes. Cool and add 

1 ml. . of 6 N hydrochloric acid and rinse down the side of the beaker with 

distilled water fran a wash bottle. This is to convert all the salts to 

chlorides since these are very soluble in water. Again evaporate to 

complete dryness. The residue is now taken up in 10 ml. water and heated 

to incipient boiling on a hot plate. With the help of a rubber-tipped 

policeman transfer to a Whatman No. 40 filter and wash well with hot water, 

'-
catching the filtrate in a 250 ml. beaker. Evaporate the filtrate to dryness). ..., 
add 10 ml. water and 1 ml. N nitric acid (A.R.) and mix well. Bring the 

contents of the beaker to 20° C; add 5 ml. sodium cobaltinitrite reagent 

~ also at 20° C, mix and leave to stand for two hours. Filter through a gooch 

crucible, well packed with the specially tmated asbestos, using 0.01 N 

nitric acid in a wash bottle to camplete the transfer. '(a sh 10 times with 

2 ml. portions of the dilute acid. With the help of a glass rod transfer 

the asbestos with the precipitate to the original beaker. Wash the gooch 

with 20 mJ... hot saturc1t ed sodium bicarbonate allowing tbe washings to drip 
115 s.u~~ <~.s poss t.kP: 

into the beaker. (Leave the glass rod in the beaker). Im!!\Odi o 1J~ :Pring V 

the ·contents of the beaker to the boil on a hot plate so as to dissolve the 

precipitate as quickly as possible, preventing any cobalt hydrate frc.m 

forming. Dilute the resultant green solution to 50 ml. with water and cool. 

Add a slight excess of N/20 pota.ssiUJ¥ pennanganate from a burette ani 

slowly, 10 ml. 50 ~~ sulphuric acid. Leave for about twenty minutes, wann 

to 40° C, add 5 ml. 5 % potassium iodid~ and immediately titrate the 
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liberated iodine with N/20 sodium thiosulphate, us.ing a microburette. 

Add starch near the end point. The "flashing back" of too blue colour 

after the end point has been reached, is considerably retarded, owing 

to the carbon dioxide atmosphere present. 

Potassiun = (0.1818 x ml. KMDO~ x (Nonnali ty of KMnO~ 

(~V'' Sodiun (Barber and Kolthoff ( 62)). 

m.e. 
I 

Reagents. 

( 1) 1 
A. Uranyl acetate(~ H~) .•.•••••••••••••.•••.••• 10 gms. 

Acetic acid 30 % 

water to make 

6 gms. 

65 gns. 

B. Zinc acetate (2 H20) .••••.••..••..•..•.••...•. 30 gms. 

Acetic acid 30 % 

water to make 

3 g;ns. 

65 gns. 

After t~ salts A and B are dissolved by warming, the solutions are 

mixed and allowed to stand far 2A. hours. The precipitate of uranyl 

zinc sodium acetate is filtered off and a solution is obtained which 

is saturated with the triple salt due to the sodium contained in the 

chemicals which go to make up the reagm>.t. If kept in pyrex glass the 

reagent does not becane turbid, after long standing. 

(2) 95% Ethyl alcohol saturated with the "triple acetate". 

(3) Anhydrous ether. 

Analytical procedure. 

Take another 100 ml. aliquot fran solution A and evaporate it to 

dryness. Treat it with a few drops of aqua regia and evaporate it to 

dryness again. Ignite in a muffle furnace at ~00° C for 10 mins., add 

1 ml. of 6 N hydrochloric acid and again evaporate to canplete dryness. 
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Take up with 10 ml. water as with potassitm and filter it through a 

Whatman 40 filter. Evaporate this filtrate to 1 ml., cool to 20° C and 

add 10 ml. of the zinc uranyl acetate and mix well. Allow to stand for 

at least thirty minutes and filter through a tared sintered-glass crucible. 

Transfer the precipitate by means of a wash bottle containing the 95 % 

acohol saturated with the triple salt. Wash the precipitate five times 

with this alcohol ( 2 ml. portion) and then finally with the anhydrous 

ether in which the precipita~e is ccmpletely insoluble. Dry the preci-
. \r 

pitate at 60° C for half an hour and weigh as Na ~ - )U 02J)(Oti3o2)6 ) H20k_ 

d . The detennination of the pH of the soil. 

Mix 50 grams of the soil with 100 gms . water and stir intenni ttently 

for one hour. Measure the pi of the soil solution employing a T .F. 717A 

Marconi glass electrode. 

e. Total exchangeable cations. 

(i) The Bray and Willhite (4.8) method as modified by Schellenberger 

(49) . (The author modified this method by igniting the residue in a 

muffle furnace.) . 
' 

Ana!Ytical procedure. 

Evaporate 100 ml. of solution A in a 250 ml. beakers to dryness~ on 

a hot plate and ignite the residue in a muffle furnace at 550° C for 15 

minutes. Cool thoroug~, then add a slight excess of 1/20 N hydrochloric 

acid and a few drops of 10 ~" liiydrogen peroxide. Raise to the boil and 

boil for 10 seconds to expel carbon dirodde. Rub the contents against 

the bottan with a rubber policeman. Set aside for two hours. 

Titrate the solution against standard 1/20 N soditm hydroxide using 

a few drops of 1 ;~J methyl red indicator solution. Do a blank using 100 
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ml. of the a:amonil.Jll acetate solution to coiTect for any impurities. 

Calculate the total exchangeable cations by assuming that all the 

acetates have been converted to carbonates and th:us the carbonates 

detennined will be equivalent to the total cations present. 

(ii) The Pienaar ( 8) Argentanetric method as modified by the author. 

Anal.Y:tical Procedure. 

Evaporate 100 ml. of solution A, in a 250 ml. pyrex beaker, to 

dryness, on a hotplate. 

Add 1 ml . ..,f6J9? hydrochloric acid and again evaporate to dryness. // 

Ignite the residue in a muffle furnace at 500° C for 15 minutes, 

coal and add 3 ml. j6N}. hydrochloric acid. Evaporate to dryness on a 

waterbath to ensure complete removal of excess hydrochloric acid. Add 

20 ml. of water and titrate with standard 1/20 N silver nitrate using 

5 drops of 2 N potassiun cbranate as indicator . 

.. 
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E . EXEERDdEN.rAL STtiDIES ON THE REJPRODUCIBJLITY OF THE VARIOUS METHODS. 

a. The Pienaar Argentanetric method. 

( i) A comparison was made between the results obtained for' the total 

exchangeable cations by the Pienaar methpd and the sun of the exdmgeable 

cations as obtained from the individual anaJ.yses, Elllploying a standard 

soil sample. 

Eight separate one litre leachings were made on different portions 

of the soil sample U' 4 (a soil sample obtained fran Uitenhage. It was a 

brown sandy loam containing muoh organic matter but no free lime/ ) • 
::J) I 'I 

(.v-.c ,. I '·-' ' 

(;', \ !i; 
Aliquots were analysed for Oa, Mg, K and Na as described -on pages 

I J ~ 

,..'\'~51 ·?62 ?~1 - 30~and total cations were determined by the Pienaar 
• ''1' ii' t~:..~ _. . .,_LJJ .. 

Argentcmetrio method as described en - pages .~r&·;2, 'but;:.a lE.terrbath hea;t;edi Wlith 

Fisher burners was used far ~he initial evaporations. 

The results (Table I) show that the sun of the individual cations 

is greater by 1. 70 m. e. per 100 gms. than the total cations obtained by 

the Pienaar method. 

Table I (See over). 



TABLE I. 

m.e. per 100 gms. soil. 
U4 

No. of X oa2+ Mg2+ ~ Na+ Sun= Y Y-X 
Leachate Pienaar 

mean of mean of mean of 
2. 2. 2. 

A 13.64 11.85 2~ 99. 0.55 0.39 15.73 2.09 

B 13.84 11.88 3.oo 0.56 0.40 15.84 2.00 

0 13.27 11.33 2 .98 0. .. 57 0.40 15.28 1.99 

D 12.75 10.89 2.00 0.56 0'.38 14.63 1 . 88 

E 13.87 11.23 3.01 0.59 0.41 15.24 1.37 

F 13.39 10.86 2.73 o .. 6o 0.41 14.60 1. 21 

G 13.59 11 .15 2.89 0.59 0.39 15.02 1.43 

H 13.29 11.11 ' 2.85 0-.58 0.39 14.93 1.64 

Mean 13.45 11.29 2.90 0.57 0.40 15.16 1. 70 

A more complete and accurate analysis was performed qy mixing 5 leachings 

2+ 2+ TT+ + • fran U 4. Exchangeable Oa , Mg , a·, and Na were determmed in the 

usual way. In addition, separate gravimetric determinations were done for 

Oa2+ and Mg2+. Total bases were determined by the Pienaar method and by 
I 

the Bray and Wilhite method. 
A 

The anions, phosphate, silicates, and sulphates were also dete:rmined 

in the l.ea.cbate. The sulphate results were extremely high (Table II) and 

led to the suspicion that sulphate ions might be the cause of the 

interference in the Pienaar and Bray and Wi:l!hi te,i methods. This sulphate J 

f • 

hli.11e 
could either "cane fran sulphates in the soil or fran sulphur fran the 
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TABLE II. 
U4 

Individual Mean of 2 Mean of' 2 
Ions volumetric Gravimetric 

Det. Det. 

oa2+ 11.41 11 .11 

Mg2+ 2.93 2.98 

Na+ 0.4.0 

~ ct56 

Mn2+ 0.07 

PO 3-
4 0.2 

Si02 0.12 

2-
so4 on water bath 1. 77 

so32- an hot plate 0.03 

X Total Bray & Willhite 13.30 
ihc mc.H+ll4 

y Pienaar (on v.a ter bath) I 13.81 
" file tkl!!cN>d. ' I z :Pienaar (on hot plate) l 14.74 
" 

w SUll .Of individ\.111 cations 

Differences: 

W-X 

W-Y 

w-z 

All figures are expressed in m.e. per 100 gms. soil . 

Al3+ and Fe3+ were abs~nt . 

Uean 

11.26 

2.95 

0.4[) 

0.56 

0.07 

0.2 

0.12 

1. 77 

0.03 

1,3.30 

13.81 

14.74 

15.24 

1.94 

1.43 

0.50 
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burners . Subsequently, aliquots of the leachate were evaporated on 

a hot plate and the Pienaar determinations were repeated. In this case 

the Pienaar method gave much higher values than previously ( 14-.74- m.e •. 

per 100 gms. as compared with 13.81 m.e. per 100 gms.) The sulphate 

value on the other hand was negligibly small (0.03 m.e. per 100 gms.) 

From Table II it could be seen that the difference between Y{ the 
When the ~1/a.p#t:tfl~ IS c{,Yt t!... ) 

Piena.ar method, Elll S:['Sl wt~ on a water bath and the sun of the total 

exchangeable cations _,W, was 1.43 m. e. per 100 gma. whereas the · difference 
I.Jit<,._ fft.:: t:l/~Lf,dr4.tto .. i.sdo.,:( ) 

between Z ( the Pienaar method 
1 

fl " £> d'ab w on a hot plate and W was only 

0.50 m.e. per 100 gms. 

The anions, phosphate and silicates 
1
found in the leacbate added up v 

to 0.35 m.e. per 100 gns. soil and they undoubtedly also caused interference 

in the Pienaar and the Bray and Wiillhite Jnethods. 

To test the absorption of sulphur b,y the leachate, 100 ml. aliquots 

of pure N ammonium acetate plus 10 ml. of 0.1 N potassium chloride were 

evaporated, 

(i) on a water bath, 

(ii) on a hot plate. 

The sulphate was determined in both cases by a bariun gravimetric 

method. 

( i) The solutions evaporated on a water bath contained 1.55 m. e. 

so4
2- per 1 L. of solution. 

(ii) The solutions evaporated on a hot plate contained 0.01 m.e. 

so42- per 1 L. of solution. 

This proved that the bulk of the sulphate was introduced through 

the gases from the burners tmder the water bath. In the Pienaa.r method 
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it was therefore deaned necessary to evaporate the aliquots of the 

leachates on a hot plate and only to use the water bath for· the very 

:final removal of the excess hydrochloric acid~ prior to the silver 

nitrate titration. 

~.ii) The effect of the temperature of ignition on the Pienaar Method. 

An artificial standard soillea.chate was prepared in order to investi­

gate the effect of the temperature of ignition on the Pienaar method. 

This artificial standard was also useful to check the methods for the 

individw.l cation analyses. 

Two litres of the artificial standard leachate were prepared by 

dissolving weighed amounts of calcium carbonate (AH) and magnesium 

turnings in slight excesses of hydrochloric acid and mixing them in a 2 

litre graduated flask. Weighed quantities of potassium and sodium chlorides 

were also _added and the flasks were made up to the mark with normal ammoniun 

acetate. 10 ml. aliquots were analysed for ca2~ ¥g2+, K+, Na• and total 

bases according to the Pienaar method using a hot plate for the initial 

evaporations and heating the residue at 500° C, 400° C and 300° C 

successively. The results are shown in '.Cable III. The values obtained 

for ca2+, Mg2+, K* and Na+ agreed very well with the t~oretical values. 

The Piena.ar method at 500° C and 400° C gave slightly lower values than 

the sun of the individual cations. At 300° C tha values were slightly 

higher than the sum totals but there was an increase in the standard 

deviation among the eight replicates fran ± 0.054 m.e. per 100 ml. at 

400° C to ! 0.11 m.e. per 100 ml. at 300° C. This seemed to indicate 

tha.t all the ammonium chloride had not been driven o:f'f at 300° C. 
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TABIE III. 

m. e. / 100 ml. solution. 

ca!+ Mg2+ 
Sun Total by Pienaar ig- Difference 

~ Na+ nited for 10 mins. at 
Total 300°0 400° c 500° c w-x w- y W-Z 

Theoretical w X y z 

20.94 5.99 2.18 1.48 30.59 30.59 30.59 . 30-59 
1 211.03 6.01 2.19 1. 35 30.86 30.31 30.33 
2 21.04 5.98 2.10 1.54 30.79 30-32 30.25 
3 21.15 5.98 2.20 1.39 3().66 30.38 30.27 
4 21.12 5.99 2.08 1-37 3() . 66 30.32 ,30.21 
5 21.14 5.96 2.29 1.40 30.93 30.28 30.28 
6 21.10 6.02 2.23 1.39 30.73 30.23 Jll)~3 
7 21.15 6.03 2.29 1.32 30.58 30.39 30. 29 
8 21.07 5.94 2.22 1.30 30.79 30.27 30.32 

Uean 21.10 5.99 2.20 1.39 30.68 30. 74 30.31 30. 28 ... o.o6 0.37 0. 40 

(Theoretical - ~ 1ean) -0.16 0. 00 -0.02 0.09 -0.09 -0.15 0. 28 0.31 

Std. Deviation ±0. 04d ±0.03 ±0.078 ±0.073 ±0.11 ±0.054 ±0. 042 
% Std. Deviation 0.2 0. 5 3.5 5.0 0.38 0.17 0.14 
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The following experiment was performed in order to find out whether 

the 1% difference between the sum of the individual cations and the total 

cations as det.ermined by the Piena..a.r method was due to the loss of 

potassium by volatilisation. 

A potassium chloride solution was made up to exactly 0.02500 N by 

weighing out a sanple of fused potassium chl6ride. Aliquots of this 

solution were evaporated and heated at various temperatures from 400° C 

to 700° C for 15 minutes. They were then treated with dilute hydrochloric 

acid, evaporated to dryness and titrated with 1/20 N silfer nitrate in 

the usual way to determine their normalities. 

The temperature was plotted against the percentage difference 

between the normality obtained by titration and 0.02500 N. Fran Fig. C 

it appeared that 1 ;,:, volatilisation occurred only after 600° C. 

Potassiun might possibly volatilise at a lower tEmperature in the 

presence of other cations. Thus aliquots of the previously prepared 

artificial leachates (see page 3.7) were similarly heated at temperatures 

fran 300° C to 550° C for 15 minutes. The results are shown in Table IV. 

TABLE IV. 

Temperature Heated for 15 Theoretical Difference. 
00 min. No.rmality Nonnality y - x. 

meaxr.of 3 ti tres . . 
' 

X y 

300 0.3078 0.3059 -0.0019 
350 0.3034 0.3059 0.0025 
400 0.3032 o. 3059 0.0027 
500 0.3030 0.3059 0.0029 
550 0.3027 0.3059 0.0032 



q.o. 

There was a considerable difference between the normali t y f igures 
• 

obtained at 300° C and at 350° C but no corresponding decrease in the 

normality figures between 350° C, 4!)0° C or 500° C as should have been 

the case had this difference been due to the volatilisation of potassium. 

It therefore appeared that the high results obtained at 300° C were due 

to the inccmplete destruction of ammonium chloride at this temperature. 

There is very little difference between the results obtained at 400° C 

and at 500° C so it was decided to do all the ignitions at 500° C to 

facilitate the removal of all carbon and carbon ocmpounds fran the 

leachates. 

A statistical ccmpa.riaon between the Bray and Willhite method and the 

Pienaar method for total exchangeable cations . 
tftc _ 

Pienaar found thatABray and Willhite'! method gave low and inconsis- !.-

tent results when i gnited with a btm.Sen burner over a silica plate. He 

assuned that this inconsistency was caused through variability in the 

temperature of ignition. The author bas attE:mpted to standardise the 

ignition by igniting the residues in a muffle furnace at 5B0° C for 15 

minutes. 

Ten 1, 000 ml. leachings were done on separate portions of the soil 

sample U 5 and the leachates were thoroughly mi xed in a large asp irator. 

16 determinations were made for total exchangeable cations using fne 

Bray and Willhite't\~ method, and 16 determinations were made for total 

exchangeable cations using the Pienaar argentanetric method. In both 

cases the evaporations were done on a hot plate. 16 detenninations were 

(.. 

done for each of the four individual cations and the result tabulated in 

Table V. 
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TABLE V. 

U5 m.e. per 100 gms. soil. 

N.o. 
Mg2+ 

Bray & Willhite Pienaar at 500° C 
ca2+ r Na+ Total at 550°·C 

1 52.05 6.71 1. 56 0·.56 57.6o 6o.oz.. 
2 52.53 6.30 1.69 0.50 59.29 60.33 
3 52.14 6.51 1.66 0.44 59.59 60.29 
4 52.24 6.45 1.61 0.50 59.29 60.15 
5 52.64 6.35 1. 70 0.50 59.63 60.17 
6 52.60 6.43 1.59 0.58 59.61 60.19 
7 52.74 6.41 1.60 o.4e 59.40 60.27 
8 52.27 6.43 1.59 0.60 59.19 60.25 
9 52.15 6.71 1.56 0.48 59.41 60.37 

10 51.89 6. 71 1.61 0.52 59.38 60.13 
11 52.53 6.49 1.58 0.56 58.75 60.33 
12 51.87 6.65 1.60 0.58 56.44- 60.41 
13 51.95 6.55 1.60 0.46 58.95 60.21 
14 52.14 6.55 1.58 0.49 58.34 60.65 
15 52.65 6.34 1.56 0.50 58.79 60.15 
16 52.60 6.51 1.63 0.47 59.39 60.27 

Mean 52 . .33 6.50 1 .61 0.51 60.95 58.94 60.27 

St .Dev. :!:0 . .30 ±0.1.34 ±o. 04.3 !0.049 :!:0.85 ;!:0.14 

% St. De<l. 0.57 2.07 2.69 9.62 00.00 1. 41+ 0.25 

Diff. f an Total 0.00 2.01 0.68 

Phosphates mean 2 det. = 0 . .30 m.e./100 gp1s. Sulphate mean of 2 det. :0. 19 m.e./100 gms . Mn, Fe, Al .;; Nil 
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It was seen that the Pien.aar results agreed much better with the s.un 

total results tl"an did the Bray and Willhite results. The mean of too 

exchangeable bases by the Pienaar method was 0.68 m.e. per 100 gms. less 

than the mean of the sun total. While the Bray and Nillhi te' s mean was 

2.01 m.e. per 100 gms. lower than the sun total results. 

The Pienaar method was also more precise than the Bray and Willhite 

method having a standard deviation of 0.25 ~;) as compared with 1.44 ~ for 

the Bray and Willhite method. 

These results show that the Pienaar method was considerably better 

than the Bray and IUllhite method both in accuracy and precision. 

A similar comparison v.as made between the Pienaar method and individual 
; ~ . 

cation determinations employing an entirely different soil sample~ _pamely '.-/ 

a light sandy soil f'rcm Venterstad (B2). The results are shown in Table VI. 

Fran Table VI it 'iifis seen that the Pienaar method gave values which 

w~ 0.49 me. per 100 gms. less than the sun of the individual analysis. 

This amowtted to a 6 % error. An analysis ofthe anions present, which 

would interfere with the Pienaar method, amounted to 0.32 mAe. per 100 gns. 

soil. Therefore it appears as if this 6 % error is mainly due to the 

interfering anions. 



B 2. m.e. per 100 gms. soil. 

No. oa2+ Mg2+ K+ 

1 3.64 .3.24 0J.61 
2 3.66 3.22 0.6o 
.3 3.65 ).27 0.63 
4 3.65 3.27 0.64 
5 3.63 3.31 0.63 
6 3.62 3.19 0.65 
7 3.63 _3.29 0.60 
8 3.62 . 3.23 0.60 
9 3.64 ).26 0.61 

10 3.64 3.36 0.60 
11 3.57 3.20 0.60 
12 3.57 3-22 0.62 

Mean ).63 ).25 0.62 

St. Dev. t0.029 :!:0.049 :!:0.018 

16 St. Dev. 0.8 1.5 2.9 

phosphate = 0.19 m.e. per 100 gms. 
silica = 0.04 m .e. per 100 gms. 
sulphate' = 0. 09 m. e. per 100 gms. 

I 
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TABLE VI. 

Na+ Total Pienaa.r at 500° C. 

0. 15 7.17 
0.17 7.16 
0.13 7.18 
0.17 7.18 
0.16 7.18 
0.16 7.11 
0.16 7.11 
0.16 7.16 
0.16 7.17 
0.17 7.20 
0.15 7.14 
0.14 7.17 

0.15 7.65 7.16 

:!:0.016 :!:0.027 

11.0 0.3 

Difference 0.49 



DISCtsSION OF THE PIENAAR ARGENrOMETRIC METHOD . 

The Pienaar ~thod bad. the following advantages over the Bray and 

Willhite method:-

(i) The B~ and Willhite method depended for its effectiveness on 

the complete conversion of acetates to carbonates or oxides. It was 

exceedingly sensitive to changes in temperature during ignition. 'fhe 

author was not in favour of igniting the residue over a bunsen burner 

because of the lack of control of temperature and the subsequent danger 

of volatilisation of potassium salts or the incanplete conversion of 

acetates to carbonates when the gas pressure was low. Even when ignited 

at 550° C for 15 minutes, the Bray and Willhite method still gave low and 

' inconsistent results (See Table V .. ). On the other hand the Pienaar method 

was not sensitive to temperature changes during ignition as the hydrochloric 

acid stoichiometrically displaced the acetate ions fran the residue. The 

residue was ignited to 500° C to volatilise ammonia and to destroy any 

organic matter present. A little elanental carbon did not interfere in 

the Pienaar method although it is undesirable as it ~sked the silver 

cbranate end point and might possibly adsorb some silver ions. 

(ii) TP,e Bray and Willhite method required a back titration which 

complicated the experiment and increased the possibility of error since 

the standard acid was liable to absorb ammonia which was frequently 

present in soil laboratories. 

(iii) The Piena.ar method Wl.S much simpler and shorter than the Bray and 

Willhite method. The alkali and alkaline earth chlorides were readily 

soluble in water, whereas the carbonates had · to be heated strongly before 

they would dissolve in the standard acid. 



The Pienaar method gave very consistent and reproducible results 

as was seen in Tables III, V and VI. The precision was much better than 

the reproducibility obtained fran successive leachings and as Pienaar has 

shown it was a good method for testing the leaching methods. 

The results obtained by the Fienaar method were generally slightly 

lower than the sun of the individual cations. This seemed to be due in 

small measure to the individual estimation being slightly high and to a 

varying extent ) to anion interference. Any non-volatile aniotilike V 

phosphates or sulphates would interfere in this method. 

ca2+ + ~42-. + Cl- + H+ ~ CaS04 + HCl would occur and · 

the cations in canbinat~on with the phosphate or sulphate ions would not 

be determined by the silver nitrate titration. Fortunately these anions 

were present in the leachate only in very snall amounts and would thus 

not seriously upset the res»].ts except in soils that were very poor 1:n 

exchangeable cations. Goad examples of such soils were H 1 and P 4. 

The leaching process. 

The reproducibility of the leaching process was tested on various 

soil samples, using the Pienaar argentometric method. 

Shirley ( 7) considered 1,000 ml. of ammonium acetate to be sufficient 

to leach out all the exchangeable cations in 50 ~s. of soil. The author 

found it convenient to use from 50 to 120 gms. of soil per leaching, 

depending on the ~ount of exchangeable cations present. 

Approximately 80 gms . samples of various soil types were leached and 

the leachates collected in 100 ml. flasks. 14 successive 100 ml.. portions 

were collected fran each sample. 50 ml. aliquots were taken and analysed 

for total exchangeable cations, according to the modified Pienaar method . 
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The pH of the leachates were determined from the remainder of the 100 ml. 

portions. 

Six soil types were used and in each case the leaching operation was 

adjusted to proceed at the rate of 1 litre per 4 hours. 

The results were tabulated and Graph I was drawn of pH versus the 

nunber of 100 ml. portions leached. Graph II and Graph III were drawn 

of total catiqns versus the number of 100 ml. portions leached. 

The six soil samples used were:-

( 1) H 1,) a dark brown sandy soil fran De Kuilen near Lydenburg . . 

( 2) 

( 3) 

I 
K 3) a grey~ sandy clay podsolic soil fran Harding. 

P 2, from. Estcowt, a dark red hard lumpy clay soil on ferruginous 

laterite. 

( 4) E 3, fran llarikana, a black clay chernozem.-like soil. 

v ' 

( 5) W 2) f'rom Stillbay, a ·sandy soil with much evidence of Aeolian deposits! 

It contained an appreciable quantity of free lUne. 

(6) U 5, fran Uitenhage, a dark brown sandy loam, containing much organic 

matter and_ calcium carbonate. 

In Graph I all the pH curves have a general kind of characteristic. They 

can be div ided into two types: 

(a) Cumres of H 1, K 3 and P 2 were those of acid soils . The pH curve 

started low down and approached the line pH 7.00, asJ~ptotically as more 

and more H+ ions were exchanged by NH4+ ions. 

(b) CllllVes of E 3, U 5 and W 2 were the curves of alkaline soils . The pH 

curves starts:l low at the first 100 ml. and then it rose t o a maximun at 

the second or third 100 ml. It then gradually approached the pi 7.00 line. 



[ 
I 

7 ) ~· ./ I 

-· ·--~- ~- ., __ , ____ _.. ___ .. __ _ 

0 

rl 
..-4 
0 
U) 

\ 

Graph II 

Excha~~~ble Cnt l ona ver sus 
lOOr.Jl. of Leac!~1:,ns solution. 

---;0-r---

r ~\ 

j 

1 '· c 

lOOml. Leached. 



, ___ _._ __ ..... _,_ ...... ___ .. ________ _ 
-----~--1 

10 

·- t 
\ 

6 

2 ·-

(, 

0 

-KJ 

I 

Excha.ng:_e_able Qill.Q.Q.n .... v~..r~~ 
iooml. o~.lution. 

.I,:e~nJi. 

e. 

-~--

~-P.2 

::: K3 
;;: \'12 

---e---:- :;; Hl 



47. 

This seemed to indicate a preferential exchange of ~etallic cations with 

NH
4

+ ions in the first 100 ml. and then in the second and third 100 ml. 

the metallic cations were deplfted causing ~ ions to be adsorbed frcm the 

solution to establish an equilibrium between NH4+ and H+ ions. 

Graphs II and III were the curves of exchangeable cations versus 100 ml. 

leachates. In graph II, E 3 and U 5 had nearly equal exchangeable cation 

values (53.70 m.e. per 100 gms. and 60.95 m.e. per 100 gms. respectively) 

-but their curves were very different. Note the rapid fall off· in the 

cations leached out in E 3. By the 10th 100 ml. the S 3 value fell to 

0.23 m.e. per 100 gms. while the U 5 value was still large (1.87 m.e. per 

100 ~s-"). 

An arbitrary value 0 is chosen so that 

0 :::: cation values obtained in (11th + 12th+ 13th+ 11tth) 100 ml. 
cation values obtained in (1st+ 2nd+ 3rd +4th) 100 ml. 

0 was a good index as to the degree of canpletion of leaching and if 0 

was greater than 1 ~ the leaching process could not be considered canplete 

at 1 litre and the results would not be reproducible. 

In E 3 CE = 0.~ = 0.01 = 1. 5o 
3 52. 

In U .5 cu = ~.z6 = 0.12 = 12 .,h 
5 43.0' 

In p 2 ~2 = 0.12 
1,5.16 

= 0.008 = 0.8 % 

InK 3 CK
3 

= 0.06 = 0.006 = 0.6 % 
9.93 

In W 2 cw2 = 1.~ 8. = 0.15 = 15. % 

InK 1 CH1 = 0.00 
0.62 

= o.oo = o.o ~ 

C:E 
3

, cK
3
, Op

2 
and OH1 were all less than 1 % showing that the soils were 

oanpletely leached with 1 litre of ammoniun acetate and thus their 

results should be reproducible. 
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Cu5 and OW2, on the other hand, were large showing that appreciable 

quantities of cations were still leached out after 1 litre. Both U5 and 

w2 conwmdappreciable quantities of calcium. carbonates and their leachates 

had a very dark colour. This c olour appeared to be due to lyophobic 

organic colloids as they were flocculated by the addition of calcium or 

magna si un ions . 

.Another series of leachings was made on U5 and the 100 ml. portions 

were analysed (i) for total cations, (ii) calcium (iii) magnesium. The 
• 

results were plotted in Graph IV. The total cations, and the calciun 

curves converged, while the magnesiun curve rapidly fell to zero. This 

showed that only calciun. was present after the 8th• . .:100 ml. 

These results showed that the ammonium acetate method of leac~ 

50 to 120 @US. soil samples with 1, 000 ml. solutions would give reproducible 

results on all the types of soil except those containing large percentages 

of lime. In these cases the calcium figures we.re too high and the final 

results depended on the volune of leaching solution used. 

If better results are required far calcareous soils, the author 

advises the adoption of another leaching method. The bufiflered bariun t/ 
chloride method developed by Hanna and Fielding Reed ( 63) is very sui table 

under these conditions. 
'. : 
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F. TEE .ANALYSES OF THE SOIL SAMPI6S • 

The author analysed 56 different soil samples taken fran various 

localities in the Union of South Africa.. These samples were taken as 

described on page 22. 

Table VII gives a short description of the soil samples am their 

exchangeable cation analysis figures. They were classified :iJl accordance 

with the soil regions of C.R. van der Merwe' s soil map of South Africa(n}~ 
~ . 

(~]The colour and texture of the soils were as described by the author 
.;r • 

and the pH of the soil was determined using a 1 : 2 soil : water mixture 

and EI;Jlploying a Marconi pH meter. The analyses of the soil samples for 

the exchangeable cations ca2+, Mg2+, K+ and Na+ were given together with 

the sum total figures and the total cations as determined by the Pienaar 

argentcmetric method. The difference between the sum of the individual 

figures and the Piena.ar method was given in the colunn (X - Y) • 

Table VIII contains the total exchangeable cation figures arranged 

in order of magnitude together with the ratios, divalent to monovalent 

cations (M2+JM+) and the calcium to magnesium (ca2+/Mg2+). Carbonates 

were indicated by treating the swnple with dilute hydrochloric acid. 

Excessive effervescence was denoted by++, while moderate effervescence 

was shown by +. 

Discussion. 

These results were seriously hampered by the lack of profile data, 

.~ base saturation figures and by the inherent heterogeneous nature of soils. 

It was hoped that these analyses would give some indication of the chief 

cation.s' exchange characteristics of the various soil types :iJl the Union 

but as was shown by Steyn (61) sampling errors were very great even in 
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seemingly hanogeneous plots of soil and thousands of soil samples would 

have to be obtained fran each area before a ccmprehensive account could 

be given of its soil properties. Nevertheless the author bas noticed 

several significant trends in the cation exchange values of the soil 

samples.· 

( 1) Fran Table VIII it was seen that the pH v alues•re higher for soils 

rich in exchangeable cations than for poorer soils. The pH of the semi­

ari-d and solonet'zic groUps A and B were not as high as would be expected ·, 

fran their unleached conditions. The sub-tropical black clay samples E 

bad higher pH values than the Drak:ensberg black clays, while the lateritic 

earths aDd the podsolic samples had generally low }ii values. This was as 

would be expected since ·they were more extensively leached by higher 

rainfalls than the arid types A, B, C, D, E and F. The high pH values of 
C4.'f'bOI'\"-t~ 

U and W types seemed to be caused by high free calcium A contents. No soils 

(with the possible exception of E 2) were encountered with high pH values 

due to monobasic ion saturation. 

( 2) The E and I black clays had the highest cation exchange values. The 

UitenhAge series U had very high values but it was suspected that a large 

proportion of their calcium values were due to diss·olved limestone. The 

brown forest soils F bad higher values than was expected but F 2 seemed 

to belong rather to the sub-tropical black clays than to this group. The 

one sample from the Lydenburg group H, had an extremely low cation ex­

change value as well as being very acid~ (pH 4. 64) . 

The podsolic soil samp~es J, K and L were generally grey in colour 

and had low cation exchange values . They were difficult to leach with 
J.t f loccu.{ ... tetJ 

v 

anmoniun acetate probably due to ax io'Oti!li' e1 1ia clay fraction. The V 
-~, 
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lateritic earth samples also had low cation exchange values but they 

were more variable than the podaols. The samples from the winter f\ainf'all 

areas had low cation exchange values with the exception of U and W types. 

( 3) The ratios of divalent to monovalent ions were greater for the 

richer soils than for soils poor in exchangeable cations. These ratios 

were also greater for saturated than for unsaturated acidic samples. 

This v.as in accordance with the valency effect of Donnan equilibria, as 

explained by Mattson and Larsson. ( 64) • 

( 4) There did not appear to be any correlation between the ratio of Ca : 

Mg and cation exchange magnitude or pH. Most soil samples have a Ca ::. !.fg 

ratio of between 1 and 4, only 3 samples S 1 ;P 2 and N 2 were fotmd with 1_..;~~ 
·' 

a Ca : Mg ratio of less than 1 and the only sanples with a Ca : Mg ratio 

bigger than 1 0 are the lime sands W. 

( 5) The difference between the sum of the individua.i B;llalyses and the 

total values by the Pienaar method was usually positive and varied from 

0.16 to 1.16 m. e. per 100 gms. soil. There were no appreciable differences 

between the discrepancies occurring in the richer soils and those occurring 

in the poorer soils. This was further proof that these discrepancies were 

not caused by a methodical error but rather by an interference such as 

non"""Volatile acids which would affect the argentcmetric method but not 

the individual detenninations. 



52. 

TABIE VII. 

Nunber 
Place 

A1 A2 A3 
Cradock Tarka Steynsburg 

Vlekpoort) 

Colour 

Texture 

Rainfall p/ a 
pi 1 : 2 

Yellow 
brown 

Sandy 
loam 

14" 
7.3 

Group according to 
C . R. v • d. Merwe ' s 

Reddish 
brown 

Sandy 
loam 

151l 

7.0 

Yellow 
brown 

Sandy 
Clay loam 

1511 

6.72 

Soil Map I Semi arid & desert 'soils 

Exchangeable cations in M. t per 100 
1
gms. soil. 

ca2+ 5.04 3. 89 5.19 
Mg2+ 1 . 9 3 1. 9 3 3 · 34-
K + 0.59 0.43 0.51 
Na+ 0.17 0.07 0.12 
X Total 7. 73 6.32 9.16 
Y Pienaar total 8.03 5.85 8.73 
Diff. X - Y -0._?0 +0,,4-7 +0.43 

Number 
Place 

Colour 

Texture 

B 3 
Queens­

town 
Brown 

Sandy 
loam 

21 11 

6.68 

0 1 

Mahala­
pye 

Yellow 
red 
Sand 

15" 
8.04 

D 1 
Koffie­
fontein 
Yellow 

brown 
Sandy 

loam 
Rainfall p/a 
pH 1 : 2 

Group Solonetzic Kalahri 

14" 
6.96 

Kalahari 
sand on 
1~ 

soil sand 

Excha.n.geable cations in M. e. 

ca2+ 3.42 
M:g2+ 1. 67 
K + 0.5 
Na+ 0.05 
X Total 5. 64-
y Pienaar total 5.25 
Diff. X - Y +0.39 

I77T1 

per 100 gms. soil. 

11.37 7.01 
1.84 3.05 
1.07 0.1 
0.08 0.08 

14.36 10.24 
13.29 9.32 
+1.07 +0.92 

B 1 I B 2 

Venterstad 

Reddish 
browh 

Sandy 
loam 

17'' 
6.8 

Reddish 
brown 

Sandy 
loam 

17" 
6.24-

Solonetzic soils 

4.18 
2.79 
0.46 
0.06 
7.49 
7.18 

+0.31. 

E 1 

Bon 
Accord 

Brown 
black 
Orunbly 

clay 
2311 

6. 79 

3.62 
3.25 
0.62 
0.15 
7.64 
7.16 

+0.48 

E 2 

Pienaars 
River 
Black 

O.runbly 
clay 

2311 

8.6 
Subtropical black 

clay soils 

19.3 
11.14 
0.54-
0.12 

31.1 
29.91 
+1.19 

31.92 
10.2 

1.37 
1.11 

44.6 
44.19 
+0.41 
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Place 

Colour 

Texture 

Rainfall p/ a 

pH 1 : 2 

Group according 
toO.R.v.d. 
Merwe's Soil Map 
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TABlE VII Cent inued • 

E j E 4 F 1 F 2 F 3 

Marikana Crecy Messina. 40 miles Lebanbo 
N of l?eit Mts. 
Bridge 

· Black Black Red Dark Choc. 
brown brown brown 

Clay Big hard Sandy Olay loam Clay loam 
lt.mpy day 

2611 2~1 14!' 1,:1' 131t 

8.24 6. 29 7.65 6.91 6.3 

Subtropical black 
clay soils 

I 

Brown Forest Soils 

Exchangeable cations inM.e. per 100 ges. soil. 

Ca2+ 
Mg2+ 
K+ 
Na+ 
X Total 
Y Pienalir total 
Di.f'f. X - Y 

.36. 89 
16.44 
0.04 
0.33 

53. 7 
53.87 
-o.17 

G 1 

23.84 
19.08 

1. 8 
0.77 

4-5.4-9 
44-4-7 
+1.02 

H 1 

10.73 
1.14 
0.91 
0.07 

12.85 
12.66 
+0.19 

I 1 

18.5 
9·63 
1.01 
0.09 

29.23 
28.27 
+0.96 

I 2 

13.96 
6.66 
1. 22 
0.22 

22.06 
22. CY9 
-0.03 

I 3 Nunber 

Place Nylstroan De Kuilen Barkly Basutoland Maseru 

Colour 

Texture 

Rainfall p/a 

pH 1 : 2 

Red 
yellow 

Sandylcam 

2511 

6. 78 

Dark brown 

Sand 

3511 

4-·64 

:r.'Jast near 

Black 

Clay 

23" 
6.78 

!fatatiele 
Brown 

Crunbly 
clay 

3511 

5.98 

Black 

Clay 

29" 
7.7 

Group Waterberg Lydenburg 
light 1:rcm dark brown 

sandy sand 

Drakensberg Mountain black clay 
soils ~ 

Excha.ngeable cations in M.e. 

Ca~+ 4.96 
Mg2+ 0.55 
K+ 2.42 
Na+ 0.1 
X Total 7. 76 
Y Pienaar total 7.7~ 
Diff. X- Y -0.04 

per 100 ptns. soil. 

0.56 20.54-
0.36 9.16 
0.01 0.5 
Q .• 14 0.17 
1.07 30.37 
0.33 29.72. 

+0. 74 +0. 65 

24.12 
10.64 
0.03 
0.27 

35.06 
34-.00 
+1.06 

26.71 
9. 31 
0.97 
0.35 

37.34 
36.42 
+0.92 
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TABIE VII Continued. 

Nunber J 1 J 2 J3 K 1 K2 

Place Bethal Maseru WitkOp East Grahamstown 
Jamestown London 

Colour Brown Light Light Grey Grey 
grey brown brown Sandy 

Texture Sandy loam Sandy loam Lo~Wy sana Sandy loam Clay loam 

Rainfall p/a 29" 29" 2511 3211 2811 

pR1 : 2 5.38 5.49 6.7 6.54 6.49 
Group according 
to C.R . v.a. 
Merwe' s Soil. Map Highveld prairie (Podsolic) Eastern Province Semi 

I I Coastal Belt (Podsolic 
Excba~eable cations inY.e. 12er 100 e;ES. soil. 

ca2+ 2.51 1.83 5.72 4.23 2.21 
Mg~+ 1.65 0.12 1.58 0.72 0.6 
K+ 0.43 0.34 0.08 0·.5 0.14 
Na+ 0.09 0.01 0.11 0.24 0.13 
X Total 4.68 2.3 1 .49 5.69 3.08 
Y Pienaar total 4.23 2.26 6.62 5.23 3.22 
Dif:f. X - Y +0.45 +0.04 +0.87 +0.46 -0.14 

Nunber K 3 K4 K5 L 1 L 2 
Place Harding Kingwil- Fort Durban Pinetown 

liamstown. Beauf'ort 

Colour Grey Grey Grey Rea Grey 
brown brown 

Texture Loamy sand Lc:atty sand Sa.Dl~ .. loam Sana Sand 

Rainfall I¥ a 32" 21 11 21 11 40" 36" 

If!1 : 2 6.19 6.12 5.88 5.18 5. 31 

Group Eastern Prnince Semi Coastal Natal coast belt 
Belt (Podsolic) (Podsolic) 

Excha!!ejeable ca ions in M. e. ~r 1 00 Si!.!!S. soil. 

ca2+ 6. 26 5.78 4· 74 2.00 1.33 
Mg2+ 3.02 1.51 0.98 0.43 2.6 
K+ 0.65 0.8 1.49 0.27 0.21 
Na+ 0.17 0.02 0.14 0.12 0.04 
X Total 10.1 8.11 7.35 2./?2 1.84 
Y Pienaar total 10.17 8.2 6. 89 2.45 1.64 
Diff. X - Y -0.07 -0.09 +0.46 +0.37 +0.2 
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TABLE VII Continued. 

Nunber 1!1 

Place ~ugers-

Colour 

Texture 
c 

Rainfall p/a 

pH1 : 2 

Group according 
to C .R. v .d. 

dorp 

Red 
Brown 

Sandy 
y loam 

30" 

5.00 

M 2 
fWychwood 
Genniston 

Red 
brown 

Sandy 
loam 

3111 

4·97 

M 3 
Louis 

Triohardt 

Red 
brown 

Clay 

2911 

6.38 

Merwe' s Soil Map Lateritic red earths 

Exchangeable cations in M.J. per 100 bs. soil. 

C a 2+ 1. 4 7 3 . 7 1 2. 1 8 
Mg2+ 0.18 0.49 4. 79 
K + 0.01 0.00 1.55 
Na + 0. 13 0. 0 B 0. 1 2 
X Total 1 . 79 4 · 27 18.64 
Y Pienaar total 1.11 3.4 18.27 
Diff. X- Y +0-.68 +0. 87 +0.37 

0 1 0 2 p 1 

N 1 N 2 
Cedara Ixopo 

Choc Choc 
brown brown 

Clay ~ ... Cley 

3l ... " 3411 

5.64 4. 84 

Lateritic yellow eart hs 

8.28 
8.4 
0.21 
0.15 

17.04 
15.88 
+1.16 

p 2 

4.39 
1. 22 
0.()9 
0 . 1 
5.8 
5.64 

+0.16 

p 3 Number 

Place 

Colour 

Yarmbaths Crecy Estcourt Estcourt Estcourt 

Texture 

Rainfall p/a 

Group 

pH1:.2 
Excban.Reable ca. 

ca2+ 
~g2+ 
K+ 
Na+ 
X Total 
Y Pienaar total 
Diff. X- Y 

Choc Dark red Red ked Red 
brovm brown 

Sandy Sandy Sandy Sandy Sandy 
loam clay loam clay loam lbam clay 

2211 2411 28" 28" 2811 

Grey ter.rugi.rious ~ · ·- · .. 13rown tand reddi sh !ate:dte ·· · 
la~ri~• · · 

. ,.38. ' · 4-9 .5.24 -.;• 5. 72 6.28 
ions in m. e ." per 100 PJns. soil. ... 

4. 21 10.21 2.52 7.81 7. 71 
0.6 6.96 1.15 8.17 2.82 
0.54 0. 83 0.49 0.31 0.7 
0.01 0.09 0. 01 o.a 0.02 
5.36 18.09 4.17 16.53 11.25 
5.2 18.1 3·97 15.76 10.42 

+0.16 -0.01 +0.2 +0.77 +0.83 



Nunber 

Place 

Colour 

Texture 

Rainfall !(a 

Iii 1 : 2 

Group accordint: 
to C.R. v.d. 
Merwe 's Soil Ma1 
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T.ABIE VII Continued. 

Pit­
Pretoria 

Grey 
brown 

Sandy 
loam 

2511 

6.52 

Brown & 
reddish 
laterite 

R 1 

Glen 

Red 

Loamy 
sand 

19" 
6.31 

! 
R 2 

Glen 

Brown 

Sandy 
loam 

19" 

R 3 
Bloem­

fontein 

Brown 

Sandy 
loalll 

2011 

7.27 

s 1 

Knysna 

Bro'Wll 

Sandy 
loam 

3011 

6. 81 

/teo1 

ecaJ.ian sandy soil~~-- sandy and Table 
~ t. sandstone 

-"' 
Exc~eable cations in M.e . ])er 100 &ms. soil. 
ca2+ 
Mg2+ 
K+ 
Na+ 
X Total 
Y Piena.ar tota 
Diff. X - Y 

Nunber 

Place 

Colour 

Texture 

2.29 3-17 16.18 
0.91 1.17 6.43 
0.04 0.51 3-17 
0.01 0.03 0.02 
3. 25 4. 88 25 . 8 
2.87 4.3 24.81 

+0.38 +0.58 +0.99 

T 1 
Stellen-
bosch 

Brown 

Sandy 
clay 
loam 

2711 

5.68 

T 2 
Rivers-
dale 

Red buff 

Gravelly 
clay loam 

u 1 

Uitenhage 

Bro\m 

Organic 
Sandy 

loam 

17" 
6.69 

13.33 
4.63 
0.41-t-
0.4 

18.77 
18.37 
+0.4 

U2 

Coega 

Brown 

Organic 
Sandy 

loam 

1311 

8.51 

2.97 
4.08 
0.2 
0.56 
7.81 
7.26 

+0.55 

u 4 
Uitenhage 

Brown 

Sandy 
loam 

1711 

6. 81 
Rainfall p/ a 

pH 1 : 2 

Group Gravelly sandy loam 
or clay 

Sandy loa~s on lime and clay 

Exchangeable cations in M.e. per 100 p;ms. soil. 

ca2+ 
Mg2+ 
K+ 
Na+ 
X Total 
Y Pienaar tota 
Diff. X - Y 

3· 71 
0.56 
0.26 
0.14 
4-67 
3-93 

+0. 74 

4-77 
3.06 
0.52 
0.81 
9.18 
8.08 

+1.1 

19.28 
2. 44-
2. 81 
3-39 

28.12 
28. 14-
-0.02 

56.89 
32.65 
2.06 
0.67 

92.27 
92-7 

-0 -43 

11.41 
2.93 
0.56 
0.4 

15.3 
14-.74 
+0.56 
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TABLE VII Concluded. 

Nunber U5 v 1 v 2 

Place Uitenhage Port Alfred Begelly Alexandria 

Colour Brown Grey Red brown 

Texture Organic sanqyloam Sandy:;J.:e>a.m. clay loam 

Rainf'all p/a 17'' 2511 21ll 

pH1 : 2 8.18 6.00 6.78 

Group according to O.R. 
v. d. lrierwe 1 s Soil Map Sandy loam Red brown sandy loams 

I on l:ime and 
clay 

Exchan,geable cations in M.e. per 100 mas. soil. 

oa2+ 
Mg2+ 
K + 
Na + 
X Total 
Y Pienaar total 
Dif:f. X - Y 

Ntmber 

Place 

Colour 

Texture 

Rainfall p/a 

pH 1 : 2 

52.33 
6.5 
1.61 
0.51 

60.95 
60.27 
+0.68 

w 1 

Still bay 

Grey brown 

Sandy loam 

15tt 

8.25 

1. 88 
0.53 
0.24-
0.01 
2.66 
2.5 

+0.16 

w 2 

Still bay 

Brown 

Organic sand 

8.25 
It' (j 

7.46 
1.91 
1. 78 
0.04-

11.19 
10.54-
+0.65 

w 3 
Cape Flats 

White 

Sand 

24" 

8.18 

Group Ccastal Qee.lian sands on lime 

Exchangeable cations in M.e. per 

Ca2+ 23.81 
Mg2+ 0.96 
K + 0.39 
Na + 0.01 
X Total 25.17 
Y Pienaar total 24-.5 
Di:f:f. X - Y +0. 65 

-1-
100 pms. soil. 

13.72 
0.29 
0.01 
0.00 

14.02 
13.8 
+0.22 

9-52 
0.57 
0.06 
0.15 

10.24 
9. 81 

+0.48 

- --



TAB~ VIII. 

No. Total m.e.f m2+ oa2+ 
pH C02 No. Total m.e./ ID.t2+ oa2+ 

pH C02 100gm. 7 MgN 100 gm. 7 Mg2+ 

U2 92.27 32.8 1. 7 8.51 ++ T2 9.18 6.4 1.5 6.82 
U5 60.95 27.7 8.6 8.18 ++ A3 9.16 13.5 1. 5 6.72 
E3 53.7 14lf.. 0 2.2 8.24 + dQ~ 8.11 8.8 3.8 6.17 
E4 45-4-9 16.7 1.2 6.29 + S1 7.81 9.2 0.73 6.81 
E2 44-·6 16.5 3.1 8.6 ++ G1 7.76 2.1 8.5 6.78 
I3 37.34- 27.3 2.8 7.7 A1 7·73 9 •. 1 2.6 7.3 
I2 35.05 115.0 2.2 5.98 B2 7.64- 8.9 1 .1 6.24 
E1 31.1 46.2 1.6 6. 79 l J.4 . 7.4-9 38.4 3.6 6.7 y 
I1 30-37 4lf-.4 2.2 6.78 B1 7.49 13 .4- 1.5 6.8 
F2 29.23 14.1 1.9 6.91 . K5 7.35 3.5 4.8 5.88 
U1 28.12 3.5 8.0 6.69 A2 6.32 11 .6 2.0 7.00 
:a~ 25.8 7.4 2.5 7.98 ++ N2 5.8 29.0 3.6 4-. t14 
W1 25.17 61.9 24.8 8.52 ++ ' K1 5.69 6~7 5-8 6.54 
F3 22.06 14.3 2.1 6.3 B3 5.64- 9.·1 2.1 6.68 
R3 18.77 21.0 2.9 7.27 01 5.36 8.7 7.0 6.38 
M3 18.64- 10.0 2.5 6.38 R1 4.88 8.0 2.7 6.31 
02 18.09 18.7 1.4 6.4-9 . J1 4.68 8.0 1.5 5.38 
N1 17.04 47·7 0.98 5.64 T1 4.67 10.6 6.6 5.68 
P2 16.53 29.1 0.93 5.72 M2 4-27 50.2 7.6 4.97 
U4 15.3 15.0 3.9 6. 81 P1 4.17 7.3 2.2 5.25 
01 14.36 11.5 6.2 8.04- ~4-. 3.25 60.5 2.5 6.52 
W2 14.02 774.0 25.7 8.53 ++ : K2 3.08 10.4 3-7 6.49 
F1 12.85 12.1 9 -4- 7.65 + I L1 2.82 6.2 4.. 6 5-18 
P3 11.25 14.6 . 2.7 6.28 V1 2.66 9.6 3·5 6.00 
V1 11.19 5.1 3.9 6.78 \ J2 2.3 5-5 15.2 5.4-9 
W3 10.24- 48.0 16.3 8.18 ++ :L2 1.84 6.5 5.6 5.81 
D1 10.24 55.6 2.3 6.96 M1 1.79 11.4 8.1 5.00 
' K3 10.1 11.3 2.3 6.19 H1 1.07 4.0 1.5 4.64 
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G. A STUDY OF THE HYDROLYSIS OF MAGNESIU\{ CHLORIDE IN Tim PRESENCE 
OF CAIJJ I ill.! CHLORIDE • 

When hydrated magnesium chloride was heated it lost water of 

crystallisation in the normal manner: 

Mg Cl2 6H2o ~ Mg Cl2 4H29 + a:l20 

Mg Cl2 4J120 ~ Mg Cl2 2H20 + 2H20 

But this last molecule of water was not easily ranoved and on further 

heating it caused hydrolysis, with the evolution of hydrochloric acid 

( 

gas and the formation of numerous magnesium oxychlorides, the simplest 

of which was Mg(fil)Cl~l (50) • 

Pienaar (8) found that low results were obtained when soil residues, 

containing large proportions of magnesium chloride, were evaporated on a 

hot plate and titrated with silver nitrate. He attributed this. to the 

hydrolysis of m.agnesiun chloride. He subsequently foUlld that calcium 

chloride affected this hydrolysis and that large ratios of calcium 

chloride prevented any hydrolysis taking place. 

By employing standard calcium : magnesium chloride ratios he found 

that the hydrolysis of magnesium chloride was stopped ccmpletely when the 

Ca : Mg ratio was bigger than 4 to 1. He explained this by postulating 

a new calcium-magnesium double salt of the approximate fo:nnula Ug Cl2 

The author has found no such compound described in the literature 

and decided to investigate the matter more fully than Pienaar was able 

to do. 

(A) An approximately 0.1 nonnal solution of calcium chloride was made 

up by dissolving precipitated calcium carbonate (AR) in a slight excess 
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of hydrochloric acid. It -was standardised using an oxalate-pennanganate 

v olunetric method ( 65) • The nonnali ty was found to be 0. 1086 N. 

(B) An approximately 0.1 normal solution of magnesium chloride was made 

up by dissolving ·magnesitm metal turnings (AR) in a slight excess of 

hydrochloric acid. Its normality was found accurately by using a 

gravimetric and a volunetric acid-base !*losphate method. The mean 

normality was found to be 0.1191 N. 

Varying proportions of A and B were measured out into standard flasks 

and diluted to lmown volunes. Aliquots of these solutions were evaporated 

to dryness in 250 ml. beakers on a water bath. They were then subjected 

to temperatures from 100° C to 200° C for an hour, in a well regulated 

oven, and then titrated against standard 1/20 N silver nitrate solutioll!. 

The normalities as indicated by the titrations, were plotted against 

the Ca 012 : Mg 012 volume ratios and canpared with the theoretical line 

obtained by p l otting the original normalities of the calcium and magnesium 

chloride solutions and joining than wit h a straight l i ne . The results 

are shown in graphs VA, V B, V 0 and V D. 

Graph V A showed that at 98.5° 0 the experimental values agree very 

well with the theoretical line showing that no loss of HCl had occurred 

through hydrolysis. There was a slight bunp in t he experimental curve 

at about 75 % 0a012 . This might be due to adsorbed hydrochloric acid. 

In graph VB , at 122.5° 0, this bunp still persisted between 75 ~" 

and 80 % Oa 012 . The experimental curve· dropped a s hydrolysis became 

awarent . 

In graphs V 0 and V D at 158° 0 and 198° C r e spect ively, t he 

experimental curves alii the t heor etical lines agreed well up to 75 7~ 
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calcitun chloride but after this the experimental curves- dropped rapidly. 

These results verified Pienaar' s conclusion that at a ratio of Ca : 

Mg of 4 : 1 or .3 : 1 the hydrolysis of magnesium chloride waJ3 negligible. 

· These results also proved the validity of this throughout the temperature 

range 98.5° C to 198.0° C. 

A more extensive investigation was carried out on the Ca : ll!g ratio. 

A solution of Ca 012, exactly 0.4000 N with respect to ca2+ d._gns, 

was made up by dissolving calcium carbonate (AR) in a slight excess of 

hydrochloric acid. Also a solution of Mg 012, exactly 0.4000 N with 

respect to Mg2+, was made up by dissolving pure magnesium turnings in a 

slight excess of hydrochloric acid. 

~a) 

Fran this, two solutions were prepared: 

0 • .3000 N with respect to ca2+ 
0.1000 N wi:th respect to Ug2+ 

by adding .3 parts 0.4000 Ca 012 to 1 part 0. 4000 N Mg 012 • 

(b) 0 . .3200 N with respect to ca2+ 
0.0800 N with respect to Mg2+ 

by adding 4 parts 0.4000 N Ca 012 to 1 part 0.4000 M:g 012 . 

(a) 

(b) 

A check by volunetric analysis (Page 2~) gave the following results : 

0 • .3006 N with respect to ca2+ 
0.1001 N with respect to M:g2+ 

0 • .3206 N with respect to ca2+ 
0.0801 N with respect to Mg2+ 

Five, 5 ml. aliquots of (a) and (b) were buretted out with a 

microburette into 250 ml. beakers and evaporated in the oven at 100° C. 

They were then heated at 200° C for 24 hours and titrated against 1/20 N 

silver n~trate, to determine the amount of hydrolysis that had taken place. 

The reaults follow: 



~ 

B 
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TABIE IX. 

Ratio Nonnality Jlormality by Sum. Normality of' Di:ff. 
Ca : M.g by Weight Analysis. 01 at 2000 0. X-Y 

X y 

3 . 1 Ca 0.3000 N 0·.3006 N 0.4007 N 0.3972 N 0.0035 N . 
Mg 0.1000 N 0.1001 N 

4 . 1 Oa 0.3200 N 0.3208 N 0.4009 N 0.4006 N 0.0003 N . 
Mg 0.0800 N 0.0801 N 

These results indicated that slight hydrolysis occurred in A as the 
·' 

difference in (oa2++ J.!g2+) and 01 normality is 0.0035 N, but haruly any 1 v 

hydrolysis occurred in B. Thus B was shown to be more stable than A and 

further investigations were restricted to the Oa : I.lg ratio of 4 : 1 . 

Five, 10 ml. aliquots of B were bnretted out with a microburette 

into tared weighing bottles with ground glass tops. 

The aliquots were evaporated in an oven at 100° C 1.mtil the residues 

were perfectly dry. They were then heated at various temperatures, 

raxgi.ng fran 100° 0 to 200° 0 in the oven for 12 hours at a t:ime, and 

weighed after each heating. 

Great analytical care was taken to ensure that the bottles were 

well stoppered before cooling in a desiccator and that they were left 

unstoppered in the oven. 
. 

Table X shows the weight of the residues at aarious temperatures. 

The weights of the residues became constant between 150° 0 and 160° 0 

indicating that a stable ccmpound was formed at that temperature. The 

weight of H2o was found by subtracting the calculated weights of calcium 

chloride and magnesiun chloride from the weights of the residues and 

hence the mols. of H20 per mol. magnesium in the residues were determined. 
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TABLE X. 

Tem- x- I,fol. 
per a- X ~MgC12) ~0 
ture A B c D E CaC12) per 
for12 = Mol. 
hours Mean 
0 c. 

H20 Mg. 

105 0.3580 0 . 3543 0.361 o. 3507 0.3513 0.355 0.1388 19.27 

110 0.3504 0.34-53 0.3468 0.3413 0.3552 0.3473 0.1311 18.2 

117 0.3404 0.3358 0.3341+- 0.3265 0.3324 0.3339 0.1177 16.35 

133 0.3168 0.3042 0.2617 0.2884 0.2929 o. 2928 o. 0766 10.63 

150 0 . 2602 0.2446 0.2287 0.2349 0.2368 0.2409 0.0247 3.43 

160 0.224 0.2232 0.2234 0.2242 0.2239 0 . 2237 0.0075 1.04 

170 0.2236 0.2233 0.2233 0.2239 0.2238 0.2235 0.0073 1. 01 

200 0.2236 0.2221 o. 2222 0.2230 0.2230 0.2228 0.0066 0.92 

Theoretical weight of Mg Cl2 + ja 012 = 0.2162 grams. 
L I I I I 

A graph was drawn of temperature versus mols. H2o / 1!ol. magnesium 

(graph VI). It was seen that the residue lost water steadily until 

there was 1 mol. of water left per mol. magnesium at 160° C. This was 

not displaced by heating to 170° 0 and 200° C. The residue h~d a 

canposition Mg Cl2 4Ca Cl2 H2o. 

The presence of the one H20 molecule per molecule magnesiun v.as 

significant. It appeared that the presence of the ¥Ja 012 prevented the 

reaction; 

Mg 012 H20 ~---~ Mg (OH) 01 + HCl (50) 

fran occurring probably by stabilising the H2o. This was very strong 

evidence that a double salt was formed having the formula 
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;Extensive work has been done on the system Ca 012 - Ug C12 - H20 

at oo 0., - 15° C. and- 30° C. by Lightfoot ana Prutton (66) and at 

110° C. by Assarson (67, ) • 

have been described, the former existing only above a temperatUEe of .. . 
93° C. No work has been done on the Ca C12 - Mg C12 - H20 systEm at 

temperatures of 150° C to 160° C and there was a str?ng possibility 

that a compound 1~e Mg Cl2 JJJa 012 H20 might be fanned, following 

the trendr 

adg 012 Ca 012 • 1ar2o above 21.95° C . 

Mg 01220a Cl2 . 6H2o above 93° 0. 

l{g Cl#a 012 . H2o above 150° 0. 



StMMARY. 

A critical account was given of a rapid argentometric method 

for determining the total exchangeable cations in ammoniun acetate 

leachates. The amm.oniun acetate leaching process has been te:sted 

on six different soil types. Fifty-six South African soil samples, 

'/fW:Ps· · .J 

representing twenty-two soil ~' have been a:nal.ysed for individual 

exchangeable cations, pH and total exchangeable cations. The values 

for total exchangeable cations in the soils examined were found to 

vary over the range 1 .07 to 92.27 m. e./100 gms. soil. 

The hydrolysis of magnesium chloride has been stuiied in the 

presence of calcium chloride and evidence has been found of the 

formation of a calciun-magnesium chloride double salt, above 150° C. 
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