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ABSTRACT 

Chelation was reviewed with emphasis on the work done by 

contemporary workers. 

The following polyhydroxyamine compounds were synthesized, 

purified and· analyzed: 

l,2-b1sftr1s(hydroxymethyl)methylamino] ethane 
dihydrochloride 

l,3-b1s[tr1s(hydroxymethyl)methylam1no]propane 
d1hydrochlor1de 

l.3-b1s[tr1s(hydroxymethy1)methylam1no]-2-propanone 
d1hydrochlor1de 

l,2,3-tr1s[tr1s(hydroxymethy1)methylamino)propane tri
hydrochloride 

The latter two compounds have not been reported in the liter-

ature. 

Chelates were prepared by reacting the above compounds, 

an·d· :E.3-b1s[tr1s(hydroxymethyl)methylam1n~-2-propanol 

dihydrochlor1de ("d1sec") and the "disec" tree base, with 

the ions of the first transition metals. Stab111ty cons

tants were obtained~where appreciable coordination occurred 

before pree1p1tat1on of the metallic ion took place. A list 

of the metal ions studied with one or more chelating agents 

follows: eu+2, N1+2, co+2, Fe+3, Mn+2, zn+2 and the rare 

earth ions. 

A stable, solid chelate compound formed by the "disec" 

free base and cupric ion was produced, recovered, purified, 

and studied briefly. 
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The work reported herein was done to further the 

knowledge of the basic chemtstry or the trane1tton metal ion 

chelates with pol'fhydroxyamine compounds. Accordingly. 

structures have been proposed for these compounds. 

It is postulated that the bivalent transition metal ions 

are bonded through the secondary amino nitrogens or the poly

hydroxyam1nea. However. ferric ion is believed to be bonded 

to the oxygen of the secondary alcohol group 1n ndlsectt 1n 

addition to the amino nitrogen groups,. 



INTRODUC'fi ON 

Chelation occurs when a metal ion combines with a com

pound containing two or more electron donor groups so that 

one or more ring structures are formed. The compounds con

taining tbe electron donor groups are called chelating agents 

or ligands and are usually organic. The metal ion is rarely 

bonded directly to a carbon atom but is usually attached to 

strong Lewis bases such as the nitrogen, oxygen or sul.tu.r 

atoms. Chelate compounds have been reported which contain 

almost all metals of the periodic table. Copper and other 

members or the :first transition series of metals form some ot 

the most stable chelate compounds reported. 

Chelation is one of the important tools in the hands of 

the modern chemist. It ls used extensively by the analytical 

chemist tor both qualitative and quantitative determinations. 

A good ex&I!lple is the use of the n1cke1-d1methyl glyoxime 

chelate for the determination of. nickel.." Versene (trade 
O.CJd. 

name for ethylenedis.m1ne tetraacetie) and many other chelat-
~ 

ing agents are widely used in industry. Traces of copper, 

which catalyze gum !'ormatlop. p in gasoline) are deactivated by 

chelation. Iron• cobalt and other metals requisite for good 

plant growth are supp1ied in the slowly available form of a 

chelate solution. This method is applied to orchard fert111-

zat1on wherein iron is required. The medical profession is 

now utilizing chelate chemistry 1n rmny ways. Mercury 



poisoning is treated by 1nterna1 dosage or ethylened1amine 

tetraacetic acid. The calcium salt of the acid ls used to 

prevent the removal or calcium from the body. 
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The 11st or practical uses for chelate compounds ls a 

long one and 1 t is growing rapidly. Unfortunately, the basic 

knowledge or emlate chemistry has not been advanced as 

rapidly as the practical appl1cationa. No general theory of 

chelation has been developed by the academic chemist. 

Trout andErdman1s (1) and Trout and Gladding (2) have 

reported chelate compounds formed by the reaction or pol.T

hydroxylam1ne hydrochloride compounds. such as 1,3 b1a-

[ tr1s(hydroxymethyl)methylam1no] -2-propanol d1h}drocblor1de 

( 6 d1sec"), with the nDtal 1ons or the first transition series. 

tt 1s l.ikely that additional knowledge or the nature or 

chelation might be obtained by a study or the chelation 

reactions of compounds similar to ndisec," which was reported 

by Pierce and Wotiz (3). These studies were made and the 

results are reported herein. 

( 1) Ve1ta Erdmanis, M.S. Thesis, University of Richmond (1955). 
(2) J. B. Gladding, M.S. Thesis, University of Richmond (1955). 
(3) Pierce and Wotiz. J. Am. Chem. Soc., §§., 879 (1944). 
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DISCUSSION OF CHELATION 

1. HISTORY 

Che1ate chemistry 1e an integral, although special part 

ot coordination chemistry. Alfred Werner was the first 

chemist to g1 ve both the general arA special fields sc1en

t1f'1c treatment. Werner ( 4) supplied. the first satisfactory 

explanation ot chelation and prepared the first chelate 

compounds identified as such. He prepared potassium dichloro

acetyla~~ono plat1n1te. Werner•s conclusion that his com

pound was a chelate (cyclic structure) was based on large 

physical and chemical changee observed !n metal ions (or 

atoms) when tNated with what we now call a chelating agent. 

Color change was then, as now, among the most important 

changes observed. 

Ley (5) first recognized the special properties of 

chelates 1n 1904. His wolk was based on the unusual color 

and low electrical conductivity ot copper glyc1nate. 

A cyclic covalent structure was used to explain these phenom

ena. The deep blue color of the glyc1nate solution resem-
.. +2 

bled the Cu(NH:;)4 complex and was quite different from the 

usual green color ot such copper salts as the acetate. The 

low electrical conductivity observed indicated not only a 

stable chelate but a chelate ot zero ionic charge. 

(4) Werner, Ber.,~, 2584 (1901). 
(5) Ley, Ber., ~' 354 { 1909). 
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dd £1,;0 t/;-
• _1 Tschugaef't ( 6) studied the stability of~ ion.s 
~ ~~ ~amino acids~ d1~nt numbers or carbon atoms between 

the amino and carboxyl groups. He found that those compounds 
'$ 

which formed chelate~ containing t1 ve or s1x membered 

rings were the most stable. This premise was generally 

accepted because 1t agreed with the pronounced stability of 
, ,,.··:--~------- - -~· ------. ... ,,...,,, .. 

.five and sl.x membered 1org~compounda. 

For a period of' years after the work or Werner,, Ley and 

~schugaerr was reportedJthe theory or chelation was not 

appreciably advanced.. In 1936 Pteltter (7.a) gave more solid 

evidence than had his predecessors concerning the structure 

of chelate compounds. He was also able to show that chelates 

containing ais,mmetrlc carbon atoms could be isolated in 

optically active farms. The isolation, purification, and 

analysis ot these chelates by Pfeiffer and others gave 

definite proof or the existence of stable chelates and 

allowed one to draw conclusions concerning their stl"Ucture. 

The recent history of chelation may be divided into four 

categories, each of which will be treated briefly here. 

These fields are as follows: Quantitative treatment of 

chelate reactions, correlation of chelate chemistry with 

quantum chemistry, studies of chelate structure, and search 

ror new chelating agents. 

(6) Tschugaeff, J. prakt. Chem., (2) 75, 153 (1902). 
(7) Pteif.fer, z. anorg. allgem. Chem., .2..;lO, 97 (1936). 
(8) Pfeiffer, angew. Chem., ~, 933 (1940). 

----, 
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Bjerrum (9) in 1941 described a method tor the calcula~ 

t1on of eqUilibrlum constants or chelate stab111t7 constants 

based on the law ot mass action. Yost ot Bjerrum• s work was 

w1th simple amm1ne complexes but his method 1a qu!te ef'tect1ve 

1n the treatment of' chelate stabilities. Simple PH titra

tions of the metal ion, chelating agent and chelate compound 

supply the data requisite for the calculation of stability 

constants. Bjerrum•s method was given a thorough treatment 

recentl7 by Erdmanis (10) 1n her thesis. 

Turner and Anderson (11) have presented an al.ternate 

method tor the detenn1nat1on of chelate stability constants 

based upon the color ot the solution and on Beer's law. The 

formulas of chelates may be determined quantitatively by the 

method presented by Job (12} 1n 1936. This method will also 

receive further treatment later. 

Rather comJ>lete quant1tat1ve treatment of chelate 

stabilities have been presented 1n recent years by Fernelius 

(13). Scbwartzenbach (14), Verhoek (15). Jonassen (16) and 

others. The quantitative treatments used 1n most present 

publications are based on the classic work of Bjerrwn. 

(9) Bjerrum, ttMetal Ammlne Formation in Aqueous Solutlon,n 
P. Haase and Son, Copenhagen, 1941. 

(10) Erdmanis, M.S. Thesis, University of Richmond (1955). 
(11) Turner and Anderson, J. Am. Chem. Soc., .71, 913 (1949). 
(12) Job, Ann. ch1m., (11) .§., 97 (1936). 
( 13) Hares, Fernelius and Douglas, J. Am. Chem. Soc. , .7fh 

l.Al6 ( 1956). 
(14) Schwartzenbach, Kamp1tsch and Steiner, Helv. Chim. Acta, 

ga, 929 (1945). 
(15) Carlson, Y.cReynolds and Verhoek, J. Am. Cr~m. Soc., ffl, 

1334 (1945}. 
(16) Jonassen et al., J. Phys. Chem., .fili, 16 (1952). 
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Pauling (1'7) and others have demonstrated the similarity 

between the covalent chelate bonds or the transition metals 

and the organic double bonds by calculation or bond orders. 

The structure ot chelates ia discussed in considerable 

detail by Jlartell and Calvin ( 19} • A large amount of work 

bas been presented in this field by Bailar and others. 

Ballar (19) observed the Walden inversion in the conversion 

of optically active dichloro bis-ethylene d1am1ne cobalt3(CL) 

to the corresponding carbonato derivative. When the levo 

dichloro chelate was treated with aqueous potassium carbonate 

the dextro carbonate b1s-et.hylened1amine cobalt (CLT) was 

formed. However, when the solid levo diehloro chelate was 

pulverized 1n the absence ot moisture with potassium carbonate 

and then water was added the resulting carbonato derivative 

bad a levo rotation. 

Many new chelating agents have been discovered in the 

1ntens1 ve search carried out 1n the past fifteen years. 

Some or the most interesting complex compounds are those which 

emp~oy carbon-carbon double bonds as the electron donor groups 

(Lewie Bases). D. F. Evans (20) has found that polystyrene 

forms a complex with silver chlorate. This complex is stable 

(17) 

(lq} 

(19) 
(20) 

Pauling, "The Nature of the Chemical Bond, tt Com.ell 
University Press, Ithaca, New York (1939). 

V.artell and Calvin, "Chemistry of Metal Chelate Compounds," 
Prentice-Hall, New York (1952). 

Ba1lar and Peppard, J. Am. Chern. Soc., 62, 820 (1940). 
Evan~ J. Chem. Phys., ~. 6, 1244 (1956). 
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1n both the solid and liquid phases.. It is soluble in 

alcohol and insoluble in water. Evans does not call his 

compound a chelate.. rt is his belief' that the Ag+ ions are 

attached to the benzene rings~ on the polystyrene chain. 

to form a rather unusual polyelectrolyte. A six membered 

ring chelate 1s possible with the silver 'bonded between the 

aromatic nuclei. The s11ver 1n this case wuld have a 

coordination number of 2 which is in accord with the normal 

coordination number ror silver. 

'1 
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2. METAL !OMS CHELATED 

Most of the metals of the periodic table f'orm chelate 

compounds. The transition metals form a large number of 

chelate compounds end are considered to have the strongest 

tendency tor comb1n1ng wlth electron donors. Recently some 

very stable chelate compounds have been made with the alkali 

metals and alkaline earths. 

The factors affecting the tendencies tor metals to com

bine with an electron donor are d~v1ded into two classes: 

(a) Ionic torces--charge and radius of ion 

(b) Relative tendency of nstals to .form homopolazt 
bonds with the el.eetron donor. 

In the case of chelation other considerations, such as steric 

ractora, complicate interpretation of experimental results. 

It has been observed tmt there is a s1m1lar1ty between 

complex forming tendencies of metals 1n the vertical columns 

ot the periodic table, with the metals of group eight and the 

rare earths as except1ona where horizontal a1m11ar1t1es were 

round. Nyholm (21) baa pointed out that these horizontal 

similarities apply only to simple salts of group eight metals 

and that 1n chelation the s1m1lar1ttes are vertical ones. 

This postulate was demonstrated by the preparation of Fe+2, 

Ru+2 , and os+2 chelate compounds with o-phenanthrol!ne which 

were quite s1m11ar. 

( 21) Nyholm, Quart. Revs., ~. 321 ( 1949) • 
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Uellor and M:al.19y ( 22} have made an important contribu

tion with their study or the effect of' the metal ion upon 

chelate stability. By a study·or the stability ot chelate 

compounds tormed by a number of bivalent ions with several 

different chelating agents, they were able to arrange the metal 

ions 1n a list or decreasing stabilities. The list they 

compiled follows: 

Pd ) Cu. ) Ni ) Pb ) Co ) Zn ) Cd ) Fe > Mn ) Mg 

Othei- investigators such as Irving and W1111ams ( 23) 

have verified this relationship with tests using a number of 

dif'ferent chelating agents. 

Calvin and Jifelch!or {24) discovered a relationship 

between ionization potential of the metal and chelate sta

bility. Since the ionization of copper, nickel and cobalt 

1nvolves the removal of an electron from the d orbital 1t is 

postulated that the energy released in replacing this electron 

would decrease 1n the order of Cu > N1 > Co. This is !n the 

same order as the chelate stability constants observed. 

Calvin and Xelclrl.or tbex-etore suggested that the 2, oi-b1tals 

were involved !n the formation of' chelate compounds. They 

were not specific as to how d orbitals were involved. -
When chelates are formed by 1on1c bonding the tendency 

(22) Mellor and Malley,, Nature. w. 436 (1948). 
( 23) 'Il'Ving and Williams,, Nature. l.fia, '746 ( 1949). 
(24) Calvin and Melchior, J. Am. Chem. Soc., 72. 3240 (1948). 
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tor chelate formation and hydration increases with increasing 

charge/radius ratio. Rare earth 1ons may be separated on the 

basis of charge/radius ratio by chelation with ethylene

d1am1ne tetraacet1c acid. Plumb and Martell (25) found that 

selective chelation took place in the order of: 

Y ) Sm. ) 'Nd. > Pr. > La. 

Tb1s is also the orde~ of increasing bas1c1ty and ionic 

radius. 

Some chelating agents are specl fie tor one or more meta1 

ions and will not chelate with others. These ions and 

chelating agents are quite valuable in analytical work. 

The spee1f1e1ty 1n chelation is due to structural arrange

ments of the chelating agent and radius and charge of the 

metal ion. Little quantitative work has been done in this 

field. 

(25} Plumb,- Martell and Bersworth. J. Phys. & Colloid Chem., 
M. i2oa (1950). 
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3. CHELATING AGEWTS 

Almost any group conta1n1ng an atom with unshared eleo

ti-ons may be a complexing agent although the degree to which 

they f"o:rm complexes may var,- tremendously. A chelating agent, 

however_ must contain two or more_ Lewis bases or areas of high 

electl!'On concentration so that a beterooyclic ring may be 

formed containing a metal ion or atom. Such ring . forming 

groups are referred to as polydentate groups. Morgan and 

Drew (26) have referred to bidentate groups as chelate 

groups. They took the name chelate f'ltom the Greek word mean

ing claw, ·since the chelating agent wraps around the metal 

ton like tbe claws of a crab. The term »chelating agent,, is 

now used for any polydentate compound. 

The chelate compounds are most stable which contain 

five OP s1x menibers including the metal ion, presumably 

beca.uee this structure is less strained than other forms. 

Diehl (27) bas listed many types or chelating agents. 

His list 1s far too voluminous tor. presentation here. How

ever. it can be·sa1d that any organic compound containing 

two or more electron donor groups can form a chelate. The 

metal 1s usua~ly bonded to nitrogen, oxygen or sulfur atoms. 

Chelating agents are frequently d1ac1da. alpha-hydroxy acids. 

( 26) Morgan and Drew. J. Chem. Soc., .ll.2. 1456 (1920). 
(27) Diehl, Chem. Revs., ..2J;, 39 (1937). 
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k,JT'OJtY' 
diamides, amino acids, hydroxyl amines, 8iquino11nes, gly-

oximes., d1am1nes, 1.2-glycols or d1ault1des. 

A chelating agent is differentiated from a complexing 

agent by its polyfunot1onal nature and its stability. For 

example ethylam1ne forms a complex w! th Co +3 which 1s much 

less stable tban the eo+3 chelate formed w1th ethylene

d1am1ne. Al.so neither phenol nQr benzaldeh)'de form. stable 

coordination compounds·bu.t when the two structures are com

bined 1n sal1cyla1debyde a bidentate chelating agent is pro

duced which torms stable coordination compounds (chelates) 

with many ions.· 

It may be noted that the polybydroxyl amine compounds 

uaed in the experimental work reported herein have many 

possible locations for metal bonding. These compounds are 

polydentate. 



4. SURVEY OF C'HELATIOB ll!TH AGENTS SIMILAR TO THE 
POLYRl."'DROXYLAYINES 
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The compound i.3-b1s[tr1s(hydroxymethyl)methylmn1no]

propane is typical of the polyhydroxylam1ne compounds studied 

in this work. Although no chelation work baa been reported 

with this compound, much data baa been presented concerning 

chelation studies made with similar compounds. Foremost 

among these compounds are the polyfunct1onal aliphatic amines 

and their derivatives. A survey is presented here of recent 

work reported in this field. 

Carlson, VcRe,nolds and Verhoek ( 28) reported a study of 

complexes formed between metal cations and amines which was 

directed toward the establishment of the overall equilibrium 

constant for the reaction 

where: M = metal ion 
B = number of ligands 
A= ligand 

The equilibrium constant for this reaction was called the 

complexity constant by Bjerrum. ~t was derived from the 

equation: 

where: · Kw = complex!. ty constant · 
M = cone. ot metal ion 
A = cone. of ligand 

MAN = cone. or chelate 

{28) Carlson. McReynolds and Verhoek, J. Am. Chem. Soc., .!J1.. 
1334 (1945). 

-I 
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'fbese investigators reported the results of a stud7 of 

ethylened1am1ne and propylenediamine with copper, nickel, 

cadmium and zinc ions. They also made studies of the com

plexes of the silver !on with ethyl and diethyl-amine which 

will not be considered here. 

The complexity constants obtained are tabalated below: 

Ethzlened1am1ne Copper Nickel Zinc Cadmium 

KN 19.80 . 19.06 12.09 12.09 

ProEZlenediamine 

KN 19.66 . 19.00 12.57 12.12 

The m rk of Carlson, .Mc Reynolds and Verhoek showed the 

extreme stability of the oupr1c-ethylened1amine and propylene

diamine complexes. Complex formation was found to begin at 

a tree amine concentration or io-12 molar and complexation 

was complete at 10-7 molar (pH approx. 5.5). rt ts 

interesting to note that these concentrations are similar to 

those round for the polyhydroxyl -del'1vat1ve1.kof ethylene

d1am1ne and propaned1am1ne reported in this paper. The order 

of chelate stabilities reported by Carlson. McReynolds and 

Verhoek is 1n agreement with the relative chelate stabilities 

of metal ions previously reported by Mellor and Malley (29). 

w. Conrad Fernelius is one of the most active contemporary 

(29) Mellor and Malley, Nature • .l.§16 436 ( 1948). 
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investigators in the field ot chelation. In 1953 he, in 

conjunction with E1y Gonick and Bodie Douglas (30), repo:rted 

a study ot the chelation ot copper, nickel, cobalt and zinc 

ions with several sul.fu:r bearing amines. ThEtJ' reported 

formation and complexity constants at several temperatures for 

the chelates and were able to obtain thermodynamic f'unct1ons 

such as tree energy and entroPJ' changes. 

The general procedure used by these investigators in 

atudy!ng chelate tormat1on.1nvolved the titration or a solu-· 

t1on, l mola:r in neutral electrolyte (either KCl or KN03) and 

containing known amounts of metal sa1t and mineral acid. The 

titrant was either pure amine or a standardized aqueous solu

tion of amine. In the case where the amine was in the form 

ot the acid salt a weighed amount of salt was placed in the 

solution to be titrated With a standardized solution of 

sodium hydroxide. The latter techn1<pe was used in the 

titrations reported in this paper. The table below shows a 

comparison or the complexity constants obtained by Fernelius 

et al. tor the sulfur bearing chelating agents with those ot 

d1am1nea. 

Metal Ion 

Ni++ 
ff 

eu++ 
ti 

Chelating Agent 

CH3SCB2CH2lf.EI2 
H2NCH2CH2NH2 
CI!3SCH2CH2NH2 
HgNCH2CH2NHg 

Complexity 
Constant at 30°c. 

7.75 
18.06 
10.68 
19.60 

( 30) Gon1ck. Fernelius and Douglas. J. Am. Chem. Soc., 2§. 
4671 ( 1954). 
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Cons1de%'8bly more data were given by Fernelius but the 

above is sufficient to show clearly that coordination through 

sultur 1s not as strong aa through nitrogen. (lfo data were 

given tor the fet"T1c ion which might not react 1n a similar 

manner.} This fact was further demonstrated by the failure 

to obtain complexes with certain sulfide amines while the 

corresponding 1m1ne compounds .formed readily. The colors of 

the complexes forl'l'Bd between the various sulfide linkages are 

much the same as those formed with am1nea containing a secon

dary amino group in the place of' the sulfur atom. 

Hares. Fernelius and Douglas (31) have recently reported 

work to compare the relative stability of complex ions con

taining chelate rings of more than 5 members. An attempt was 

made to obtain fornatlon constants of the complexes of eu+2• 

51+2 _ co+2 and zn+2 ions with a series or polyamines. No 

formation constants could be obtained 1n the cases or 
l.4-bltened1am1ne, N,B-d1methyl-l,3-propaned1am1ne, N-1sopropyl

l,3Wd1am1ne and alpha-am1nopropylmorphol1ne with an,. or the 

four metal ions studied because precipitation occurred before 

appreciable coordination took place. Data were obtained for 

all four metal ions onl7 with 2,2-d1methyl-11 3-propaned1am1ne 

and histamine. incomplete data were obtained for the complexes 

of 3,3•-d1am1nod1propylam1ne, beta-am1noethylmorphol1ne and 

( 31) Hares, Fernelius, and Douglas, J. Am. Chem. Soc., .28., 
. 1816 (1956). 
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i.3-propaned1am1ne because of precipitation wlth one or more 

ot the metal ions. The wottk With the 1.,3-propaned!amine 1s 

interesting because of 1ts s1m1lar1ty to l.3-b1s[tris(hydroxy

methyl)methylam1noJ propane studied at the Un1vers1ty of 

Richmond. · 'l'he table below shows a comparison of the to:rmation 

constants of several amine complexes studied by Fernelius, 

et al._ with various bivalent metal ions at ao0 c. 
Formation Constants with Metal Ions 

Amine eu+2 N1+2 co+2 zn+2 - --
3,3'-D1am1nod1propylam1ne 
l,3-PJ'Opaned1am1ne 
2,2-Dimethyl-l,3-propanediamlne 
Histamine 

14.25 
9.62 
9.94 
9.60 

9.09 6.63 
Precipitated 
6.59 4.88 5.21 
6.97 5.34 --

Precip1 tation occurred most often for meta1. 1ona g1 vlng less 

stable complexes (Zn and Co) and for all four metal ions 

precipitation occuri-ed more often at high temperatures where 

complexes were less stable. The considerable decrease 1n the 

stability of the complex as the size or the chelate ring 

increases from five to six members was indicated by the much 

higher stability of ethylened1am1ne chelates than for the 

propanedlamine chelates. Only two molecules of l.3-propane

d1am1ne were coordinated with the metal ions while three 

molecules or ethylened1am1ne and i.2-propanedlamine are 

coordinated by the same ions. 

The separation of the amino groups by four carbon atoms 

as in 1.4-butanediamine resulted·1n prec1p1tat1on~bet'ore 

appreciable coordination occurred. Solid coordination com

pounds of copper with 1,4-butanedlamine and hexamethylene-
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diam1ne were obtained by Pte1f.fer. ·and coworkers ( 32), 1n 

alcoholic solution but the compounds were unstable in water. 

Additional data on similar compounds were published 

recently by Gon1ck, Fernelius and Douglas (33). This work is 

particularly interesting since it was done with 1.3-diamino-

2-propanol which 1a very similar to l,3-bts[tr1s(hydroxy

methyl)mathylam1no]-2-propanol on which experimental. work was 

done by Trout and Erdmanis (34) and Trout and Gladding (35). 

The same techniques were used in this work as in previously 

reported chelation studies by Femelius, et al.. The results 

of this work are shown below: 

Chel.ating Agent Metal Ion 

i.3-D1am1no-2-propanol. N1+2 
" co+2 
~ zn+2 

l,3-D1am1nopropane Ht+2 

Formation Constants 

6.19 
3.90 
4.60 
7.00 

These results indicate that l.3-d1am1no-2-propanol is a 

somewhat weaker base than l,3-d1am1nopropane. This 1s in con

trast to tbe results obtained at the University or Richmond 

with the polyhydroxylam1nes where the iaopropa."lol d1am1ne 

derivative was :found to :form more stable chelates than the 

d1am1no propane derivative. 

(32} 

(33) 

(34} 
(35) 

11.'he effect or steric hindrance on the chelating tendencies 

.. 
P. Pfeiffer, A. Bohm and E. Scbm1tz, Naturwlssenschaften. 

35, 190 (1948). 
Gon1ck, Femel1u.s and Douglas, J. Am. Chem. Soc., Tl. 

(1955). 
Erdm.anis, M.S. Thesis, University of Richmond (1955). 
Gladding, M.s. Thesis, University of Richmond (1955). 
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ot diamines with cu+2 and w1+2 was illustrated by Basolo and 

MermmL ( 36). The stepwise .formation constants .. "were given for 

.two metal ions with R?UICH2CH2NH2 1. where R is H,, methyl, 

ethyl. n-prop,.1, n-butyl and iso-propyl. Except for the 

n-butyl. derivative there is a general decrease in complex 

stability with increase in the chain length ot the straight 

chained alkyl groups. However, complexes with N-1sopropyl

ethylened1am1ne are less stable than those of the straight 

chained alkyl derivatives. Calculation of stability constants 

was made by the method of Bjerram ( 3?). The 1'ollow1ng results 

obtained by Basolo, et al. give the effect or steric 

b1nd~rance on the chelate stabilities or d1am1nes: 

Chelating Agent 

Ethylenediamine 
N-methylethylened1am1ne 
N-ethylethylenediam1ne 
N-n-propylethylened1amine 
N-n-butylethylenediamine 
B-1-propylethylenediam1ne 

Complexity Constants for 
Ni+2 cu+2 

19.11 
15.11 
14.08 
13.76 
1.4.49 
8.64 

20.13 
19.ll 
18.57 
19.14 
18.21 
16.52 

Although the complex atab111t1ea, 1n general, decrease 

slightly from methyl to the n-propyl substituted derivatives, 

the complexes .formed by n-butyl der1vat1ves showed an 

increased stability. The enhanced stab111ty at th1s point 

(36) Basolo and Mermann, J. Am. Chem. soc., !IA., 5243 (1952). 
(3?) Bjerrum, "Metal Amm1ne Fo?'mation in Aqueous Solution," 

P. Haase end Son, Copenhagen, 1941. 



ma7 be attributed to tbe fact that a four ctUtbon chain can 

coil itself" around to shield the central atom and rendex- it 

1nacceas1ble to the solvent. 
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Hans Jonassen (38), and coworkers, have studied chela.tes 

formed by cu+2 and N1+2 and d!ethylenetriamlne. Once again 

using the classic method of Bjerrum~ they determined com

plexity constants for the chelate compounds. Selected results 

rrom the1r work are shown below: 

Metal Ion 

eu+2 
ra+2 

Complexity Constant ,_ 30°c. 

15.11 
10.81 

!t may be noted tbat the stab111t1es of the diethylene

triamine chelates are somewhat lower than with chelates 

formed by ethylened1mn1ne but are considerably higher than 

with l,3-propaned1am1ne. 

Although sterie hindrance 1s an important factor in 

chelate stability some surprising che1ates have been formed. 

For examPle, Hein and Jtiiller ( 39) have reported stable 

coordination compounds f'ormed by st1lb&ned1am1ne with w1+2• 

Wot only were they able to use st11bened1am1ne but many of 

its subst1tu.t1on products. No stability constants were 

reported by these investigators but they did :recover and 

(39) Jonassen, Hurst, LeBlanc, :r. Am. Chem. Soc., .72, 4968 
{ 1950). 

(39} He1n and MUller, z. tiir anorg. Chem., ·293, 175 (1956). 
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analyze the chelate compounds. !n the ease of the st1lbene

d1am1ne a green chelate was obtained which could be separated 

into yell.ow and blue isomers. 

Hein and Mull.er were also abl.e to separate isomers from 

a number of substituted st1lbened1am1ne-n1ckel chelatee which 

will not be discussed here. 

Hein and Beerstecher {40) have recently prepared chelate 

compounds by reacting ?t,B-d1subst1tuted am1noetbanol with 

eu+2 ion. The chelate was formed by reacting euc~ and pure 

dialkylam1noethanol. 1n absolute alcohol. The reaction 

occurred 1n a ltl ratio to form a complex having the follow

ing structure. assigned by Bein (tor the diethyl derivative): 

It may be noted that chelation 1s postulated to occur 

through both the nitl'Ogen and oxygen. A s1tuat1on possible 

in the polyhydroxyamines under study by this writer. 

,Scbwartzenbach and Anderegg ( 41} state that the ring 

forming (chelating) probabilities decrease rapidly t'rom 

(40) F. Hein and w. Beerstechel', z. tUr anorg. Chem •• 2fla. 
93 (1956). 

(41) Schwartzenbaeb and Anderegg, z. !Ur anorg. Chem., 282, 
286 ( 1956). 



five member rings to nine or ten member rings where a minimum 

probab111ty is reached, after which, as the number of possible 

ring members increase~ the probability of cycl1zat1on increases. 

since the ring will be nsarly unstrained. Also the activation 

energy required to open the heterocyclic chelate ring ls 

about constant from five members on upward. Sehwartzenbach 

raises the possibility of larger chelate rings actually 

being in·solution but which may not be stable enough to.be 

recovered per se. Relative stability constants were given 

tor several silver-ethylened1am1ne chelates. The calcula

tions by Schwartzenbach show an appreciable stab1l1ty for a 

ten membered silver chelate of the £ollow1ng formula: 

+ NH2-- -Ag- - - tm2 
/ ""' 

CH2 CH2 
I . ) 

~2 /~ 
+ 

NH2---Ag---~ 

Schwartzenbach concludes that three membered rings 

have far too mu.ch strain to be stable and that little ls 

lmown of four membered rings. al.though he does not preclude 

their possibility. Chelate rings containing silver and 

mercury are quite special since these ions do not form 

stable chelates containing five to seven members. 

N,man. Roe and Masson (42).1nvest1gated the complex 

(42) Hyman. Roe, and Masson. J. Am~ Chem. Soc., ~. 4191 (1955). 
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comPounds formed b7 Hg+2 with three different polyam1nes by 

polarographic means and found that the mercuric 1on reacted 

'flith two molecules of eth71ened1am1ne, l.2-propaned1am.1ne. or 

d1ethylenetrimn1ne. They got an indication of a different 

combination ratio at high ethylened1em1ne concentrations. 

They believe that a chelate containing four mols ot ethylene

diamine per Hg+2 waa formed. This same possibility ot 

higher ratio combinations was also found w1th the other 

polyaminea tested. 

Das Sanna and Ballar (43) have recently described the 

preparation of stable chelate compounds from b1s-sal1cylal

dehydetr1ethylenetetraam1ne and co+3, co+2• Fe+3 • Fe+2 , 

Al +3, eu•2 , Ni +2 and Pd+2 • The Schiff base offers six points 

of attachment (aexadentate). The octahedral complexes of 

co+3, Fe+3, Al+3 were obtained 1n their optically active 

forms. but only two ot the eight possible isomers were iso

lated. The copper compound,, v.hich 1s tetra-coordinated and 

planar. was obtained 1n optically active forms. Tentative 

structures of the complexes were deser1bed .from the steric 

po1nt of view and their infrared spectra. The Fe +3 compound 

1s covalent with d2sp3 bonding. It· also was resolved into 

optically active isomers. 

( 43) ·nas Sarma and Ballar* J. Am. Chem. Soc., 77, 5477 
( 1955). 



Since the work or riwyer and Lions ( 44) it bas been 

recognized that bexadentate ligands such as l,8-b1s-
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( salicylideneam1no )-3, 6-dithooctane (shown below) could span 

ROCsB4 CR=NCH2CH2MHCH2CH2NHCHgCH~=CBCsR40H 
(l) (2) {3) (4) (5) (6) 

the octahedral positions around a metal 1on. These proposed 

structures are shown using the ligand numbers indicated with 

the chelating agent formula. 

Structures (B), (0) and {D) are strained structures, 

but in structure {A) the N-N-0 bond angle is about 90°. It 

is highly probable that the structure (A) is the correct one 

tor Dwyer' s chelate compounds. as well as those reported by 

Das Sarma and &11lar. 

The picture 1s slightly changed when the cupric ion is 

employed. Cupric ohelates always show a cu+2 coordination 

number o.t .tour and are planar 1n struct~e. Das Sarma and 

Ballar assume two protons to be replaced rrom hydroxyl groups 

and two or the four remaining nitrogens are coordinated to 

the cupric 1on~ thus g1 ving a non electrolyte. The fol.lowing 

structure was postu1ated: 

(44) Dwyer and Lions, J. Am. Chem. Soc., 69, 291? (1947). 
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CHELATE STRUCTURES OF DWYEJ;JANO LIONS 

q,, 

J.1(5) 

A 8 

N lSJ 
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The spatial arrangement ot the zn+2-glyc1ne chelate was 

reported to be tetrahedral bi Dickinson (45). Recent X-ray 

studies by Low indicate the chelate configuration to be planar 

.about the central zinc ion. 

Infrared studies by Sweeny, Curran and Quagliano (46) 

using the zinc chelate ot glycine ( b1s-(glyc1no}-z1nc mono

hydrate1 are in accord with the evidence from the X-ray 

diftractlon work, indicating a square planar configuration. 

'lb.ey indicate that linear sp metal bond orbitals are involved 

in the nitrogen to metal bonds in this complex as well as in 

the copper and nickel complexes. As 1s to be expected, with 

bidentate ligands having as one coordinating center coo-, 
one bend 1a essentially electrostatic (coo----zn++). 

Very stable chelate compounds were prepared and studied 

using N-hydroxyethylened1am1netetraaeet1c acid by Spedd!ng, 

Powell, and Wheelwright { 47). They reported stab111 ty 

{45) 
(46) 

(47) 

Dickinson, J. Am. Chem. Soc. , .Jj, 774 ( 1922) • 
Sweeney. CUrran and Quagliano, J. Am. Chem. Soc., Tl., 

5508 (1956). 
Speddlng, Powell, and Wheelwright, J. Am. Chem. Soc.~ 
~# 34 (1956). 
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constants of the chelates formed with the rare earths and 

N-hydrox,-ethylen& d1am1netetraaeet1o acid by two independent 

methods. ·. These constants could not be determined by direct 

pH t1 trat1on because of the gl"eat stability of the chelates. 

In the ttrst method used, the rare earth-REDTA stability 

constants were calculated from measurements of the equilibrium 

constants or the competition reactions between HEDTA and 

tr1am1notr1ethylamtne. for the ral'8 earth and cupric tons. 

!he second method used 1nvolved polarograph1c measurement of 

the amount of tree copper !ons liberated men equal molar 

quantities of tbe copper-BRTDA complex and the rare earth 

tons were in1.xed together. A few repi-esentative complexity 

constants are shown below: 

Metal Ion 

Sm+3 

Gd+3 

ny+3 

Ho+:S 

Er+3 

Tm+3 

Yb+3 

Complexity Constants "'"' 30°c. Bz Potentiometr!c Method By Polarographie Method 

15.15 15.3 

15.10 15.4 

15.08 15.3 

15.06 15.4 

15.17 15.4 

15.38 15.5 

15.64 15.8 

There 1e no s1gn1.f1cant variation 1n the stabilities ot the 

rare earth-HEDTA complexes. which means that no separation 

of these elements could be obtained by ion exchange elution 
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with HEDTA as the eluting agent. 'fhe hydroxyethylened1am1ne

tetraacetie acid 1a interesting because the free acid is 

considerably more soluble than the common ethylened1am1netetra

aeet1c acid. 

Das sarma { 49) and Bailar ( 49) are studying the stl'Ucture 

of d!amines,. amino acids, and d1carbozyl1c acid chelates by 

resolution of optically active forms. 

The vast contemporary activity in the f'1eld of' chelation 

indicates that this field 1a in 1ta golden age. 'Major 

attention ls devoted to the polyfunct1onal allpbatlc amines. 

Whereas, our experimental work has been directed toward the 

amino al.cohols the preponderance of the work 1n the field he.a 

been w1th the amino acids. This 1s quite logical since the 

amino acids have already demonstrated considerable commercial 

value aa chelating agents. 

It seems profitable to present a condensation ot the 

contemporary achievements w1th chelating agents similar to 

the polyhydroxyam1nes under study at the University of 

Richmond. This is presented 1n the form of a list. Yll.lch 

f'ollows: 

(49) Das Sarma. J. Am. Chem. Soc., .ZS., 992 (1956). 
(49) Das sarma and Ballar, J. Am. Chem. Soc., 7§. 895 (1956). 
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i. very stable chelates are pi-epared with ethylened1a.m1ne 

and propylened1am1ne and the metal ions of the transition 

series. The concentrations of 11gand and pH where chela

tion occurs are s1m1lar to those f'ound 1n our studies 

with the polyhydroxylam1ne s. 

2. The coordination {chelation) of the transition metals 

thrOugh sultux- {and oxygen) ts much weake:r than through 

nitrogen •. The colors are the same through either linkage. 

3. There is a considerable decrease in chelate stability as 

the chelate ring increases fl'Om flve to six to seven 

members. 

4. l,3-diamino-2-propanol is a weaker chelating agent than 

1 1 3-dlamlnopropane. Th1s is in contrast to our results 

w1th aimtlar polyhyd~xylamine compounds. 

5. Sterle hindrance has an appreciable ettect on chelate 

stab111ty. In go1ng from unsubstituted ethylened1am1ne 

through N-1sopropylethylened1am1ne, chelate stability 

decreases m~kedly. 

6. Che1ate stability with translt1on metals is lower for 

d1ethylenetr1am1ne than for ethylened1mn1ne but higher 

than those of 1.3-propa.ned1am1ne. 

7. Chelates or transition metals and highly hindered 

stilbenediamine (and its derivatives) were prepared, 

recovered and analyzed. Optically active isomers wei-e 

Naolved. · 
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Chelate between eu.+2 and alkyl d1subst1tuted am1noetha.nol 

involved cool'd1nat1on t~~ugh both the nitrogen and 

oxygen atoms. 

9. Chelate rings with three members are not possible, and 

none with tour have been reported although they may exist. 

Chelate compounds with ten or more members are possibly 

obtained in solution but decompose on recovery. A stable 

ten member ring chelate was reported from Ag+ and ethylene

diam1ne. 

10.- Ji1gh ratios of' ligand to metal ion cauae high chelating 

ratio between ethylened1am1ne and Hg+2. Chelate ratios 

as h1gh as 4 to 1 were obtained. 

11. Stable chelates were formed with sexadentate b1s-sal1-

cylaldehydetr1ethylened1am1ne and the transition elements. 

The Pe+3 chelate contained g2n.3 bonding. 

12. Sexadentate chelating agents can span the 0-six · positions 

around metal ions. 

13. Zinc and copper chelates w1th glycine were proven to be 

planar 1n structure by X-ray and infrared studies. One 

bond is between nitrogen and metal. and involves the .!. 

and g orbitals of the metal. The other bond 1s an 

electrostatic bond between the metal and the carbo.xyl 

group. 

14. There 1a no appreciable difference between the stabilities 

or the rare earth. chela tes with hydroxyethylenediam1ne

tetraacet1c acid. The hydroxy acid is more soluble 1n 

water than the tree unsubstituted amino acid. 



DISCUSSION OF POLYBYDROXYLAMINE COMPOUNDS 

Polyfunotional compounds are interesting because of 

their ab111ty to react and give compounds with widely vary

ing properties. rrhe ethanolamlnes. tor example, have found 

wide acceptance 1n the chemical industry. The commercial 

synthesis ot tr1a-(bydroXJ'm&thyl)-amlno methane by the 

commercial Solvents Corp~ (50) has opened the way to a 

series highly polar amino alcohols. Tr1s-{hydroxymethyl)

am1no methane (henceforth designated .. Tris") was first 

synthesized by P1loty and Ruff' {51) by the reduction of 

tr1s-(hydroxymethyl)-n1tromethane which was prepared by 

Henry (52). Henry prepared the nitrometbane derivative by 

reacting formaldehyde with n1tromethane. 
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A series of polyhydroxylam1ne compounds, having two 

polyhydroxrlamine groups on the molecule, were prepared by 

Pierce and Wot1z (53) in 1944. These symmetrical poly

hydroxyd1secondary amines were usually prepared by heating 

nTr1an with a d1hal1de. in most cases a dibrom1de. A ser1ea 

ot as-ymmetrical diam1nes. all derivatives of' 2-propanol, 

were prepared by reacting a secondary amine with ep1chloro

hydr1n. In these prelllrations an excess of hydrogen halide 

(50) Gabriel, !nd. Eng. Chem., ..32, 991 (1940). 
(51) Piloty and Ruff, Ber.,~. 1665, 2062 (1897). 
(52) Henry, Bull. soc. ch!m., (3) ~ 1001 (1895). 
(53) Pierce and Wot1z, J. Am. Chem. Soc., 66, 979 (1944). 
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was added to convert all of the free bases to their ha11de 

salts. Purl.fieation ot the reaction products was effected 

usually by fractional erystal11zat1on. A list or several or 

the compounds reported by Pierce and Wot1z {54) follows: 

(ROCR2) 3CNRCH2 CH2mtc( CR20lI) 3 • 2HBr 

( HOCH2) ;sCNH( CH2) 3NHC( CH20H) 3 • 2HBr 

( HOCH2) 3cmt( CHg) 61mc( CR20H) 3 • 2HBr 

(HOCH2)3CNBCHgCHOH~C(CH20H) 3 • 2HC1 

The polyhydroXJ"am1nes prepared by Pierce and Wot1z are 

characterized by the1r white crystall1n1ty. h1gh water 

solubility. insolubility 1n alcohol and other non-polar 

solvents,, and their chemical stab111ty. Pierce and Wot1z 

noted a tendency for some or these compounds to hold ferric,, 

bismuth and other metallic hydroXides in solution. 

It was on the basis or this observation that Trout and 

Erd:manis (55) and Trout and Gladding '(56) ms.de a study of 

the chelation of the transition metal ions with ndisee,• 

(HOCH2 )3CNHCHgCROIICH2NHC(CHgOH) 3 • 2HC1. These investigators 

fOund "disee" to be an effective chelating agent for the 

bivalent ions of tbe transtt1on metals and fair in 1ts 

chelate stability with the ferric ton. 

(54) Pierce and Wotiz. J. Am. Chem. soe., ~' 2594 (1951). 
( 55) Erdmanis, M.S. Thesis, University of Richmond (1955}. 
(56) Gladding, M.s. Thesis,, University of Richmond (1955). 



These compounds seemed to ofter a convenient route to 

the study ot chelation. 'fhis author. therefore, prepared a 

series ot polyhydroxymn1ne hydrochlor1des, some of which had 

been reported bJ° Pierce and Wot1z and some ot which were new 

compounds~ and studied their chelation reactions with the 

ions of the t1rst transition series. 'fhe methods ot synthesis 

and pur1f'1cat1on used were much akin to those employed by 

Pierce and Wotiz and are discussed under th• nExper1mental 

Methods" portion of this paper. 
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EXPERIMENTAL 

1. . PREPARATION OF CHELATING AGENTS 

The chelating agents studied were prepared and purified 

by methods similar to those used by Pierce and Wotlz {57, 58}. 

Organic polyha11des were reacted in a refluxing ethanol 

medium with tr1shydroxymethylam1no methane to give the cor

responding polyhydroxyam1ne hydrochloride derivatives. The 

polyhydroxyam1ne hydrochlor1des formed were white crystalline 

solids, quite soluble 1n water and insoluble in alcohol, 

acetone or hydrocarbons. 

The yields of the polyhydroxyamlnes from "tr1s" and the 

polyhalidea were nearly quantitative, except ln the case of 

the propanone derivative where the yield was only 21 per cent 

ot theoretical. Considerable tar was formed 1n this reaction. 

The prepirations of 1,2,3-tris[tris(hydroxymethyl)methylamino]

propane trlhydrochlol'ide, and l,3-b1.s[tr1s{hydroxymethyl)

methylamlno]•2-propanone have not been reported 1n the 

literature. The table below shows the reactions employed in 

the preparations of the chelating agents studied. 

Since all of the polyhydroxyam1ne compounds were s1m1lar 

only the preparation ot 1,2j3-trls[tr1s(hydroxymethyl)methyl

am1no]propane tr1hyd.rocblor1de will be described here in 

(57) Pierce and Wot1z, J. Am. Chem. soc.,.§.§., 079 (1944). 
(68) Pierce and Wotiz, J. Am. Chem. Soc., ~. 2594 (1951). 
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detail. 

A mixture of 45.8 grams of tr1shydroxymethylam1no methane 

( 3/8 mol.) and 19.5 grams ot 1,2,3-trichloropropane ( l/B mol.) 

were refluxed for one hour in 300 ml. of 95 per cent ethanol. 

Then 50 per cent aqueous potassium hydroxide was added to 

bring the solution PR up· to 9~5. The mixture was allowed 

to reflux again unt11 the PR tell to about 8 when more 

potas s1um hydroxide was added. ·This procedure was continued 

over a period or seven hours· until the PH ceased to drop,, 

1nd1oat1ng that the reaction was complete. ·100 ml. 37 per 

cent hydrochloric acid was added to the cooled solution 

causing precipitation of inorganic salts. These salts were 

removed by f'1ltrat1on and were discarded. 

The r!ltrate was vacuum evaporated until it became a 

tacky, viscous liquid. Three hundred milliliters or warm 

absolute ethanol was added to the mixture causing a prec1p1-

tat1on of the polybydroxyamine hydrochlorides along with 

some inorganic salts which had not been previously removed. 

The filtrate was evaporated and repreo1p1tated by the above 

method and the prec1p1tate was combined with the or1g1nal 

organic precipitate. 

The combined precipitate was then dissolved in hydro

chloric acid and water. The solution was vacuum evaporated 

until viscous and.precipitated by the addition of hot abso

lute ethanol •.. This procedure was repeated again and the 

final precipitate was.filtered and vacuum dried at so0 c. for 
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16 hours. The yield of l,2,3-tr1s[tr1s(bydroxymethyl)

methylam1noJpropane trllrydrooblor!de was 50.6 grams. The 

reaction was probably quantitative with the 20 per cent loss 

coming in the pur1f1cation steps. 

The compounds prepared, as above, were analyzed for 

hydroxyl and chlol'ide groups by standard methods. The 

gravimetric method given by Pierce and Haenisch (59) gave 

good agreement with theoretical. lfh1s method involved the 

precipitation of the ch1or1de as silver ehlor1de. The 

hydroxyl content was determined by the method or Ogg and 

W1111t:s.::. ( 60} described by S1gg1a ( 61) in his textbook. 

This method is based on the acylation of the hydroxyl groups 

by acetic anhydride to give the ester. One mol. of the 

acetic anhydride was reacted by each amino and hydroxyl 

group. Good agreement with theory was given 1n each case 

except ndiseeu Where a dark reaction product was formed 

which gave low results. 

An attempt was made to analyze for carbonyl in the case 

of the propanone derivative by' reacting with 2,4-dinitro

phenylhydrazine to give the corresponding insoluble hydra

zone. Bo such precipitation could be obtained. A study of 

(59) 

( 60) 

( 61) 

Pierce and Haen1sc}\, nQuant1tat1ve Analysis," Wiley, 
New York {1948). 

Ogg, Porter, and Willits, Ind. Eng. Chem., Anal. Ed., 
17, 394~397 (1945). 

S1gg1a, "Quantitative Organic Analysis via Functional 
Groups," Wiley, New York (1951). 
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the infrared spectrum of th1a compound made tor the author by 

R. L. Levins ( 62) showed the normal absorption peak tor 

carbonyl to be shifted downward 1nd1oat1ng that the compound 

may be in the enol form or that the carbonyl is tied up by 

hydrogen bonding with one of' the man7 hydt'oxyl groups 1n its 

v1cin1ty. 

( 62) R. L. Levins, Private Communication. Oct. 12. 1955. 
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2. PREPARATION OF CHELATE COMPOUNDS 

'l'he chelate compounds were formed by adding the chelat

ing agent (polyhydroxysm1ne hydrochloride) to an aqueous 

solution or cupric nitrate, or other transition metal 

nitrates, and sodium nitrate. The acidity or the solution 

was then adjusted to a point where chel.ation occurred by the 

addition or 1 molar aqueous sodium hydroxide. In the final 

chelate mixture the concentrations were as follows: 

NaN03 - 0.100 M 

Cu(N03)2 - 0.010 M 

Ch. Agent- - 0.010 14 

These concentrations were varied somewhat but no metal ion 

concentrations above 0.02 M were used. 

In all the quantitative work, such as pH t1trat1ons, 

spectrophotometric studies and Job•s method determlnations, 

- the hyd.rochlor1de salts or the polyhydroxyam1ne compounds 

were used. The .free base, supplied by J. s. Pierce (63) was 

used 1n tbe \'IOrk '9bere the copper chelate waa prepared in 

methanol and recovered by precipitation with diethyl ether. 

When a solution containing 5 grams or the "disec" tree 

base in methanol was reacted with an equ1-molar amount or 
Cu(N03)2 a ro:ye.l blue colored chelate solution was formed. 

(63) J. s. Pierce. Private Gift and Communication~ June 22. 
1956. 
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The chelate was much more ao1uble in methanol than was the 

"disectt tree base so it could be evaporated down to a volume 

ot 25 ml. without precipitation. Either dioxane or diethyl 

ether when added caused the chelate compound to prec1p1tat& 

out of solution. while acetone did not. 

For the recovery, ether was used as the precipitant. 

After seven precipitations from methanol the chelate compound 

remained a heavy royal blue 011. This oil was recovered and 

vacuum dried at so0 c. overnight. After drying the chelate 

was a hard plastic-like blue solid which picked up moisture 

on standing 1n air to return to a thick blue liquid materiel. 
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3. METHODS OF DETECTION AND STUD!' OF CHELATB COMPOUNDS 

Martell and Calvin (64) give an exc~llent !llllm:1ary of 

the methods for the detection and study or chelate compounds 

1n their book. The isolation, purification and analysis or 

pure chelate compounds was considered by Pf elf fer ( 65) to be 

conclusive 1n deciding whether a comPound was a chelate. 

'lb.1s method was used in the experimental chelation program at 

the Un1vers1t.y of Richmond by this author 1n one case but 

seems rather d1.fticult and involved for the .amount of' informa

tion it discloses. 

An important method for detecting chelate formation la 

the al.teration of normal. c~..emlcal reactions in solution. 

The fact that metal ions 1n solution do not undergo their 

normal reactions is a good 1nd1cat1on that they are not 

present. Ley ( 66) used this method when he observed that 

the copper-glycine chelate did not h-ydrolyze in water While 

the weaker copper-alanine chelate did. ?le have used this 

method or observation 1n our work where we found that the 

cupric ion when chelated with several of the strong chelating 

agents did not precipitate even 1n concentrated aqueous 

sodium hydroxide-but 1t did precipitate as the hydroxide 

( 64) Martell and Calvin, "Chemistry ot the Metal Chelate 
Compounds." Prent1ce-Hal1,, New York (1952). 

( 65) Pfeiffer,, Ooltber and Angern,, Ber •• ~ 305 (192'7). 
( 66) Le7,, Ber.,, ~. 354 ( 1909). 



with the weaker agents such as 1.3-bis[tris(hydroXJmethyl) .. 

metbylam!no]-2-pl'Opanone. 

Color and absorption spectra are perhaps the most 
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obvious methods for chelation detection. 'l'his method or study 

lends Itself well to both qualitative and quantitative work 

and was used throughout the study of chelation with the 

polyhydroxylam1ne s. ··· Poley and Anderson ( 67) have used this 

treatment in their work with ura.nyl-sulrosalicylic acid 

chelation studies. Various other investigators have used 

this method with success. 

Electrical conductance was used by the early investi

gators in this field since the disappearance or tons in com

plex formation could cause an appreciable change 1n the con

ductance o:t the solution. The contemporary workers 1n this 

field use the method very little and it seemed of' no value 

in the wol'k "1th polyhydroxyam1ne chelates since the material 

was highly ionic. 

Kost chelates occur as a result or the replacement or 

one or more usually weak protons on the chelating agent by 

a metal ion. Chelation is then accompanied by a decrease 

1n the pH ot the reaction mixture. !t can be further con

cluded that the greater the tendency for the metal to combine, 

the greater the drop in pH. This constitutes a simple method 

( 67) Foley and Anderson, J. Am. Chem. Soc., 1!• 909 (1949J. 
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ot testing for chelation and for the detel'm1nat1on or the 

1'9lat1ve stab!l.1t1es of chelates. This method l.ende 1tse1f 

to the quantitative treatment of chelation data better than 

any other method of treatment and. as such. is more used by 

conte~orarJ' workers then any other method. It was the 

primary tool used 1n the study of the polyhydroxyam1ne

transit1on metal cbelatea. Bjerrum ( 68) did the classic 

work with this treatment of chelates. 

Other methods round useful in the study of chelate com

pounds are as follows: optical activity. solub111ty, reaction 

rates studies, X-ray diffraction studies, infra.red spectra 

and magnetic suscept1b111ty measurements. The latter three 

methods seem applicable to the study of the polyh}droxya:mine 

chelates but were not used for various reasons. 

(M) Bjerrum and Anderson, "Metal Amnine Formation in 
Aqueous Solution," P. Haase and Son. Copenhagen (1945). 



Much or the recently reported chelation data has been 

treated by means or the classic method or Bjerrum ( 69) in which 

stepwise f'ormat1on constants were calculated. Thia is a tech

nically sound approach and has been covered 1n some detail by 

vartell and Ca1v1n ( 70); Carlson, !lcReynolds and Verhoek (71); 

and Erdmanis (72). - For the complicated system of the poly

hydroxyam1ne chela tes, the treatment 1mpl1es quite excessive 

accuracy. An overall complexity constant such as the 19.60 

reported by Fernelius for the cu++_ethylened'tamine chelate 

would require extreme accuracy in t1trat1on and pH measurement. 

It seemed more prudent to work with What Bjerrum called 

the complexity constant which 1s simply the overall equilibrium 

constant for the chelation reaction. For the reaction 

where: . H = central ion 
B = number or coordinating ligands 
A =coordinating ligand 

MA1 = coordinat1vely saturated chelate 

(MAN.) 

KN ::: ( JK)( A) H 
where; MAu = actl vi ty ot the saturated chelate 

K = act1v1ty or the uncomplexed 
metal !on 

( 69) 

( '70) 

(71) 

( '72) 

A =activity of the uncomplexed, 
ligand 

H =number of ligands 

Bjerrum a-ne! Aruiel'&e!'t', nMetal Ammine Formation in Aqueous 
Solution." P. Haase and Son, Copenhagen (1945). /qi./ I 

Martell and Calvin, "Chemistry ot the Metal Chelate Com
pounds," Prentice-Hall, New York (1952). 

Carlson, McReynolds and Verhoek, J. Am. Chem. soc., 6'7, 
1334 (1945). 

Erdman1s, v.s. Thesis, University or Richmond ( 1955) • 



45 

All of the exper1menta1 work was done with a large 

excess of ionic strength (O.l molar Nano3 compared to 0.01 

molar tor chelate) so that the activity coe!'fic1ents should 

not vary appreciably in the reaction. It was,, therefore, 

possible to substitute concentrations in the equilibrium 

·expression without introducing appreciable errol'l. 

The concentrations requisite for the ca1culations were 

obtained from the known concentrations or ligand and metal ion 

charged and from the PH titration curves. Since in each case 

the ehela t1on or the ma tal ions resulted in the displacement 

or two protons trom the ligand. the concentration of saturated 

chelate coald be determined b,- the d1.f'terence in the amount 

ot sodium hydroxide required to produce the same PH in the 

pure ligand and the chelated solution. The concentrations 

of the ligand and the metal ion at equilibl'ium were obtained 

by subtracting the .concentration or saturated chelate from 

the original concentrations ot the ligand and ion. The cons

tants thus.obtained are shown below: 

Ligand 

i.2,a-tris[tris(hydroxymethyl)
methylamino]propane 

same 

same 

1,2-bis[trls(hydroxymethyl)
methylamino]ethane 

l,3-b1s[tr1s(hydroxymethyl)
methylam1no]-2-propanone 

Metal Ion 

eu+2 

Complexity 
Constant ,...., log Ks 

2.24 

5.65 

(approx.) 10.00 

2.52 
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rt may be noted that the order or stab111t1es in the 

case of the 1,2,3-p:ropanetr!amine derivative chelates are in 

agreement with those listed by Mellor and Malley ( 73, 74). 

The above stability constants confirm the fact, previously 

surmised from other qualitative obsel'Vat1ons, that the 

l,2,3-propanetr1am1ne derivative ls, by far, the strongest 

chelating agent prepared. It was not possible to obtain 

stab111t7 constants for all the cm le.ting agents or metal 

ions tested because of preo1pitat1on of the metallic ion as 

the hydroxide before appreciable coordination occurred. For 

example, none or. the agents tested chelated the ferric ion, 

except "dlsec." This is interesting since the stability 

constant tor the "d1sectt-copper chelate, reported by Erd~ 

man1s (75), was of the same order or magnitude ( 6.45) as 

that or the l,2,3-propanetrtam1ne derivative. Yet "disec" 

chelated iron. although weekly. while the l.2,5-propane

tr1am1ne derivative did not. This suggests that a completely 

dtrrerent mechanism is involved in the chelation of the 

ferric and cupric ions by the polyhydroxyamines. Since the 

secondary alcohol group on the 2-carbon is the only feature 

which "dtseo" bas which is not contained in at least some of 

the other polyb:ydroxyamlne compounds (which did not chelate 

{73) Mellor and Jf.allf'Y• Nature. 159• 370 (1947). 
(74) Mellor and Valley. Nature. l.§l... 436 (1949). 
{ 75) Erdman1s, Jl.S. ·Thesis, University of Richmond ( 1955) • 



the terr1c ion)• one surmises that the secondary alcohol 

group 1.s involved 1n the chelation of 1ron. 

47 
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5. POTENT!OM'ETRIC T!TRATIONS 

When chelation occurs there is a displacement of one or 

more protons f"rom the chelating agent by the metal 1on. 

This causes a change in the hydrogen ion concentration of the 

solution. The drop in pH was used in a quantitative treat

ment or the chelation data. Thia work was described in the 

preceding section of this thesis. 

tt was not possible to treat all of the chelates 

quantitatively since some precipitated before appreciable 

coordination occurred. However. these experiments were 

evaluated qualitatively as competitive reactions between the 

OH- and the chelating agent for the metal ion. The poten

t1ometr1c t1trat1ons are discussed in the following section 

tor the several metal ions teated with each chelating agent. 

{a) l.2-B1s[tr1s(hvdroxymethyl)methylam1noJ
. ethane - c;U!l-+ 

The pH titration curve with the above chelate and aqueous 

sodium hydroxide ls shown on Figure l and the table of experi

mental data is shown on Table l. The titrat!ons of the 

Cu(H03)2 solution and the tree ligand are shown on Tables 2 

and 3, respectively. 

It was noted that chelation began at a pH of about 5. 

The color of the chelate compound was blue until it was made 

just basic. The color then changed to violet. Prec1p1tat1on 

of' cupric hydroxide occurred 'When the solution was made more 

basic (about pH 9). pB t1trat1ons (not shown) using Fe+3 ions 
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TABLE l 

TITRATIOlf OF l,2-B!S [TRIS(RYDROXYlIBTHl'L)METHYLA!itINO] -
- ETHANE 'tJITR NaOB 

20 m1. 0.500 ll NaN'03 
10 ml. 0.100 ll Chelating Agent 

50 

'10 ml. Distilled Water 1.000 1l NaOR 

ml. Ne.OR pH ml. Ne.OH pH 

o.oo 2.39 0.54 6.89 

o.os 2.40 o.so 7.30 

0.10 2.45 o.so '7.91 

0.14 2.49 0.91 9.13 

0.20 2.56 l.OO ~l.31 

0.26 2.69 1.13 8.70 

o.so 2.79 1.19 8.89 

0.36 3.01 1.25 9.15 

0.42 3.50 1.28 9.41 

0.45 4.25 1.34 10.19 

0.48 s.oo l.:58 10.61 

0.50 6.00 1.47 10.82 

0.52 6.50 1.54 11.00 



~A'SLE 2 

10 ml. 0.100 Molar Cu(N03)2 
20 ml. 0.500 Molar NaN03 
70 ml. Distilled Water 

ml. BaOH 

o.oo 
0.02 

0.12 

0~35 

pH 

4.49 

5.31 pptation. 

5•62 

5.91 

51 

1.00 N NaOH 



TABLE 3 

TITRATION OP l.2-BTS(TRIS{RYDROXYMRTRYL)METHYLA'MINO]
ETHANE-Cu.(N03)g WITH NaOH 

A B 
20 ml. 0.500 M NaN03 

52 

20 ml. 0.500 M NaN03 
10 ml. 0.100 M Chelating Agent 20 ml. 0.100 M Chelating Agent 

0.100 14 CU(N03)2 10 ml. 0.100 M Cu(N03)2 10 ml. 
60 m.l. Distilled Water 50 ml. Distilled Water 

1.000 M NaOR 

A B 
ml. Ne.OH PR ml. llaOH pII 

o.oo 2.40 o.oo 2.36 
0.10 2.45 0.09 2.42 
0.14 2.49 0.16 2.50 
0.20 2.59 o.ro 2.77 
0.35 3.01 0.36 3.05 
0.40 3.39 0.41 3.50 
0.44 3.79 o.4a 4.96 
0.46 4.25 0.50 5.30 
o.so s.oo 0.53. 5.51 
0.53 5.55 0.71 5.99 
o.eo s.go o.a1 6.03 
0.72 s.11 0.95 6.21 
O.t'O 6.25 1.11 B.40 
0,.93 6.50 1.2]. s.53 
1.06 e.A5 1.31 6.70 
l.al4 1.00 1.41 6.84 
1.:30 7.42 1.49 7.00 
l.40 7.70 1.61 7.20 
1.59 s.21 1.73 '7.51 
1.68 8.50 1.85 '7.7A 
1.77 9.30 1.91 '7.96 
1.81 9.95 2.01 a.22 
1.86 10.50 2.11 a.e4 
l.89 10.70 2.15 9.21 
2.02 10.95 2.19 9.72 

2.25 10.23 
2.3B 10.BO 
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resulted 1n no coordination. but rather rapid precipitation 

ot ferric hydroxide. On the basis of the pH titl'at1ons. one 

concludes that this polyhydroxy dertvat1ve or ethylene

diam1ne 1s a rather weak chelating agent. 

( b) i.2. 3-Tris[ tris(hydroxymethyl)methylamino] -
propane - eu+2 

pH t1tratlons made 1n this study using aqueous sodium 
w... {j.A--G 

hydroxide j...s·· shown on Figure 2. Exper1mental data ta shown 
,,,,,....--

on Tables 4 • 5 and 6. Tb1s was a very stable chelate com

pound when either the 1:1 or 2:1 ratio of ligand to cupric 

ion was used. No sign of precipitation was noted after this 

material was stored tor six months in concentrated sodium 

hydroxide. 

( o) i.2.3-Tr1s[tr1s(hydroxymethyl)methylam1no] -
propane - co++ 

This chelate was studied by means of potent1ometr1c 

t1trat1ons with aqueous sodium hydroxide. The titration 

curve for the 1: l ligand to metal ion ratio is shown on 

Figure 3 while the experimental data ta shown on Table 7. 

A stable chelate was formed with co++ at about pH 6.0 which 

was reddish yellow 1n color. As the chelate solution was 

made more basic the color darkened. No precipitation was 

noticeable immediately after the titration was completed. 

After setting a week at pH 11.5 the cobaltous ion precipi

tated as the hydroxide. 
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TABLE 4 

TITRATION OF 1 1 2, 3-TRI S [TR! S( HYDROXY'JETBYL )?..tETHYLA?l!NO) -
PROPAWE WITH NaOH 

10 ml.. 0.100 Kolar Chelating Agent 
20 ml. o.soo Kolar 'lawo3 70 ml. Distilled Water 1.050 11 NaOH 

ml. NaOii pH ml. NaOH pH 

o.oo 5.13 2.64 B.66 

0.04 6.06 2.91 a.as 
0.07S 6.33 3.17 9.11 

0.14 6.69 3.25 9.26 
' 

0.17 6.79 3.36 9.50 

0.20 6.97 3.46 9.75 

0.27 7.02 3.57 10.18 

0.32 7.11 3.64 10.48 

0.36 7.18 3.73 10.86 

0.57 7.42 a.so ll.06 

0.71 7.55 s.91· 11.25 

0.81 7.62 4.00 11.40 

1.00 7.74 4.22 11.60 

1.23 7.89 4.55 11.'71 

1.37 7.96 4.95 11.'78 

1.73 8.14 5.00 11.80 

1.96 e.21 a.oo 11.94 

2.31 a.46 
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TABLE 5 

TITRATION OF 1.2,3-TRIS [TR!S(HYDROXYMETHYL )METHYL.AMINO]-
PROPANE-Cu(ll03)2 WITH NaOH 

10 ml. 0.100 Molar Chelating Agent 
10 ml. 0.100 Hola:r Cu(N03)g 
20 ml. o.soo Volar DaH03 
60 ml. Distilled Water 1.050 N NaOH 

ml. HaOH PH ml. Ba.OB pH 

o.oo 3.89. 0.177 5.63 

o.os 4.50 0.92 5.69 

0.09 4.66 0.90 5.172 

0.12 4.'79 0.97 5.?8 

0.10 4.94 ·l.09 5.94 

0.20 s.oo 1.13 5.88 

0.215 s.os 1.19 5.90 

0.249 5.13 1.26 5.96 

0.290 5.19 l.50 6.09 

0.31 5.21 1.65 G.16 

0.36 5.29 1.79 s.22 

0.40 5.31 l.93 6.31 

0.45 5.39 2.13 6.49 

0.51 5.45 2.37 6.64 

0.55 5.48 2.50 6.73 

o.so 5.51 s.60 6.84 

0.63 5.52 2."15 6.96 

0.66 5.56 2.93 7.13 

0.70 5.60 3.23 7.39 



57 

TABLE 5 ( CONTINUED) 

ml. Na.OH PR ml. NaOll PR 

3.35 7.50 5.27 10.48 

3.79 7.80 5.33 10.80 

4.07 e.oo 5.40 11.00 

4.19 s.09 5.51 11.21 
·' 
4.35 8.20 5.67 11.40 

4.63 8.49 5.95 ll.55 

4.Bl a.M 6.05 11.65 

4.91 8.79 6.86 11.94 

5.02 8.91 7.29 11.89 

5.05 9.03 7.88 ll.96 

5.06 9.15 8.41 12.00 

5.12 9.42 9.34 12.05 

5.18 9.69 10.01 12.10 

5.24 10.21 15.00 12.23 
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TABLE 6 

TITRATION OP l,2,3-TRrS[TRIS(HYDROXYMETHYL)METHYLA?UNO]
PROPANE-Cu(N03)2 WITH NaOH 

10 ml~. 0.100 Molar CU(N03)2 20 ml. O .100 Molar Chelating Agent 
20 ml. 0.500 Molar NaM03 
50 ml. Distilled Water 1.050 N NaOH 

ml. Na.OB pH ml. NaOB: PR 
o.oo 3.72 1.82 6.12 

0.04 4.09 2.09 5.27 

0.10 4.45 2.25 6.39 

0.14 4.51 2.56 6.60 

0.1'1 4.65 2.74 6.74 

0.26 4.86 2.97 6.92 

0.33 4.9'1 3.28 7.15 

0.44 5.14 3.54 7.30 

0.49 5.21 3.79 7.41 

0.54 5.29 4.14 7.60 

0.61 5.32 4.64 7.75 

0.70 5.41 s.oa 7.90 

0.'16 5.50 5.40 9.15 

0.92 5.59 6.88 8.53 

l.05 5.Ga 'l.40 9.79 

1.16 5.73 7.62 8.90 

1.38 s.ae 7.90 9.15 

1.63 s.oo a.oa 9.31 
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TABLE 6 ( CO N'I'IlitJED) 

ml. NaOH PB 

8.25 9.64 

8.38 9.96 

8.40 10.40 

8.57 10.70 

8.66 11.03 

a.1a 11.21 

a.9s 11.48 

9.27 11.70 

L 
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TABLE 7 

T'!TRATION OF 1,2, 3-TR!S[TRIS( HYDIDXYMETHYL )Jm'l'HYLA!-HNO] PROP AME-
Co(N03) 2 WITH NaOH 

10 ml. 0.100 Molar Co(NO~) 
10 ml. 0.100 Volar Cbela 1ffg Agent 
20 ml. o.soo Molar WaN03 
60 ml. Distilled Water l.000 N NaOB 

ml. NaOB pH ml. NaOH PH 

o.oo 5.81 i.ao 9.07 

o.oa ·g.55 1.95 a.11 · 

0.1.4 6.'10 2.0"1 e.15 

0.19 6.80 2.44 8.25 

0.24 6.91 2.60 a.30 
0.20 '7.00 2.70 e.32 

0.34 7.08 3.03 8.41 

0.40 '7.15 3.32 s.so 

0.52 '7.30 3.86 s.7o 

0.60 7.39 4.02 S.75 

0.'70 7.51 4.35 a.91 

0.90 '7.61 4.51 9.00 

1.00 7.69 4.75 9.15 

1.11 7.71 4.90 9.20 

l..20 7. 79 5.00 9.30 

1.34 '7.85 s.os 9.41 

1.47 '7.91 5.24 9.51 

1.60 e.oo 5.29 9.66 
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TABLE 7 ( CONT:rNURD) 

ml. NaOH plt 

5.46 10.01 

5.52 10.25 

5.59 10.45 

5.65 10.70 

5.74 10.95 

5.83 11.06 

5.93 11.20 

6.21 11.44 

6.66 11.ErT pptat1on. 

8.65 12.00 



{d) 1,2,3-Trls[tr1si.hydroXJmethyl)methylam1no)
propane - Mn+ 
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The potent1ometr1c titration curve of the i.2,3-

propane tr1am1ne derivative ts shown on Figure 3 and experi

mental data 1s shown on Table a. Precipitation of the 

che1ate occurred at pH 9.0. This indicates the chelate to 

be rather unstable s1nce the solubility product or Mn(OH)a 

had not been greatly exceeded. 

(e) l,2,3-Tr1s[tr1slhydroxymethyl)methylam1no]
prope.ne - Fe+3 

No chelate was formed between the ferric ion and the 

1,2,,3-propane tr1am1ne derivative. This 1s·clearly demons

trated by the PH titration curves shown on Figure 4 and the 

tlttta.tion data on .Table 9. It ls notable that this compound,, 

which was the most powerful agent tested for the chelation 

of the bivalent transl tion metals, had no tendency to complex 

the ferric ion. 

(f) l,,3-B1s[tr1.s(hydrox:rmethyl)methylam1no]-
2-propanone - eu+2 

The 1:1 chelate precipitated near neutral. The titra

tion curves are shown on Figure 5 end the data al'e shown on 

Tables 10 and 11. The chelate :formed at a.bout pH 5. It was 

blue but turned to a violet color at PH 7, as the other 

cupric chelates with the polyhydroxyam1nes. Under strongly 

basic cotid1t1ons precipitation of cupric hydroxide occurred. 

The 2-propanone derivative d1d not form coordination compounds 

of detectable stability wltb the ferric 1on or with the ions 



TABLE 8 

10 ml. 0.100 Molar- Mn(W0~)2 10 ml. 0.100 Kolal" Chela ing Agent 
20 ml. o.soo Molar HaN03 60 ml. Distilled Water 1.000 N' Na.OH 

ml. NaOH pH ml. Na.OH PH 

o.oo 6.00 1.92 B.29 

o.oe 6.55 2.36 a.so 
0.24 '7.11 2.66 8.65 

0.29 '7.20 3.16 B.90 

0'!"38 17.31 3.31 9.00 pptat1on. 

0.49 7.44 3.&t 9.18 

0.62 7.60 3.93 9.41 

0.72 7.69 4.18 9.60 

o.ao 7."72 . 4.39 10.01 

1.01 7.99 4.51 10.55 

1.29 a.01 4 •. 62 10.90 

1.51 8.14 
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TABLR 9 

10 ml. 0.050 Molar Fe(N03) 3 10 ml. 0.100 Molar Chelating Agent 
20 ml. 0.500 Molar 1fall03 
60 ml. Distilled Water 1.050 N NaOH 

ml. BaOR pH ml. NaOH pH 

o.oo 1.31 6.47 2.85 

0.92 1.42 6.80 2.95 

4.70 2.00 6.96 3.30 

s.oo 2.12 7.02 4 • .33 

5.61 2.44 7.04 4.89 

5.86 2.62 7.12 5.79 

5.97 2.'73 7.14 6.18 

6.1'7 2.B4 7.25 6.42 

6.la 2.84 7.40 6.62 

6.34 2.85 7.44 6.80 
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TABLE 10 

TITRATION OF l,3-BIS[TRIS(HYDROXYMETHYL)METHYLA!.'!NOJ-
2-PROPANONE Wt m NaOH 

10 ml. 0.100 ~olar Chelating Agent 
20 ml. 0.500 Kolar NaN03 
70 ml. Distilled Water 1.000 N Na.OH 

ml. NaOR PR ml. NaOR pH 

o.oo 4.05 0.84 e.oo 
0.04 5.26 0.93 9.12 

o.oa 6.28 1.1a 8.38 

0~10 6.59 1.30 9.50 

0.12 6.82 1.52 9.81 

0.16 6.99 1.62 9.05 

0.20 7.22 1.69 9.30 

0.24 7.24 1.76 9.69 

0.29 7.30 1.84 10.35 

0.36 '7.44 1.90 10.80 

0.50 7.69 1.98 11.03 

0.70 7.96 
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TABLE 

TITRATION OF l,3-B!S[TRIS(HYDROXYKETHYL)METHYLAMTNOJ-
2-PROPANONE Cu{N03)2 WITH NaOH 

10 ml. 0.100 Molar Chelating Agent 
10 ml. 0.100 Molar Cu(N03)2 20 ml. 0.500 Molar NaNO~ 

i.ooo N NaOR 60 ml. Distilled Water 

ml. NaOH PH ml. MaOH PH 

o.oo 3.69 1.00 5.91 

0.01 3.79 1.18 6.02 

0.02 4.28 1.44 6.19 

0.07 4.61 1.53 6.24 

0.10 4.Sl l.66 6.36 

0.14· 4.96 1.76 6.48 

0.18 5.07 1.91 6.61 

0.22 5.15 2.02 6.70 

0.29 5.30 2.11 6.80 

0.32 5.36 2.20 6.90 

0.40 5.44 2.2s 7.00 

0.47 5.51 2.54 7.30 

0.61 5.65 2.70 7.44 

o.es .s.eo 2.77 7.61 pptation. 

0.02 5.81 



ot the rare earths. This is seen in the t1trat1on data 

shown on Tables 12 and 13. 

(g) l-3-B1s[tr1s(hydroxymethyl)methylam1no]propane 

The above chelating agent was used in a number of 

potent1ometr1c studies using 0.01 molar agent and metal ion 

strengths. aa in the other chelation studies. The chelate.'; 

with cupric ion .formed at a PH of approximately 5, and was 

royal blue 1n color. The color changed to purple at pH 7. 
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It was stable in rather basic solutions although some pre

c1p1tat1on occurred after several weeks storage 1n strong 

base when a 2:1 ligand to eu+2 ~tio was used. Prec1p1tat1on 

·occurred with the 1:1 chelate at pU9. These effects are 

shown by data on Tables 14, 15 and 16. 

Green chelates were prepared w1th the :l,J-propanediamine 

derivative and the N1+2 ion which precipitated as the Ni(OH) 2 
upon standing for a period or a week in strong base. The 

titration data t:or the 2:1 and l:l chelates are shown on 

Tables 17. 18 and 19. 

Tables 20. 21 and 22 show potent!ometric tltrations ot 

Zn(N03) 2-l,3-b1s[tr1s(hydroxymethyl)methylamino]propane solu

tions. Precipitation ot the zinc occurred 1n each ease with 

no appreciable chelate formation. Similar results were 

obtained in titrations using the ferr1o and manganous ions. 

These results are shown on Tables 23 and 24. 

The results shown on Table 25 indicate that a reasonably 

stable chelate ts formed by l,3-b1s[tr1s{hydroxymethyl)-
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TABLE 12 

TITRATION OF 1 1 3-BtS[TRIS(HYDROXYMETHYL)METB:YLAMINOJ-
2-PROPANONE-Fe(N03)3 WITH NaOH . 

10 ml. o.oso Volar Fe{HOi)3 
10 ml. 0.100 Molar Chela 1ng Agent 
20 ml. 
60 ml. 

o.soo volar NaN03 
Distilled Water l.000 ti NaOH 

ml. NaOH pH ml. NaOH pH 

o.oo l.40- 5.54 l.99 

0.01 1.40 5.69 2.02 

0.02 1.40 a.oo 2.15 

1.12 1.42 6.25 2.24 

l.24 l.43 6.52 2.38 

l.36 1.45 6.64 2.45 

1.57 1.47 6.84 2.55 

i.ea 1.50 6.96 2.64 

2.08 1.50 7.20 2.19 

2.28 1.52 7.44 2.45 

2.75 1.55 '7.49 2.BO 

3.70 1.65 7.63 2.eo 

4.01 l.69 7.80 2.88 

4.28 l.'12 7.92 2.95 

4.53 1.76 8.04 3.10 

4.73 1.80 a.is 3.40 

5.00 l.A6 e.24 3.90 

5.34 1.91 e.2s 5.30 pptation. 



TABLE 13 

TITRATION OF l.3-BIS[TRIS(HYDR>XYMRTlr.tL):METHYLA'MIN0]-
2-PROPANONE-RARE EARTH N!TRATE WITH NaOH 

10 ml. O.l Molar Rare Earth H1trate 
20 ml. 0.100 Molar Chelating Agent 
20 ml. 
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50 ml. 
0.500 Molar HaN03 
Distilled Water . 1.000 lf NaOH 

ml. NaOH pH 

o.oo 4.42 

0.02 5.65 

o.os 6.50 

0.11 6.90 

0.14 7.12 

0.17 7.24 

0.30 '7.50 

0.46 '7.'13 

0.49 '1.92 

0.56 '7.90 

0."16 s.04 
o.ss a.20 

1.10 a.2s 
1.30 6. 30 pptation. 

1.92 8.19 

2.38 a.31 



TABLE 14 

T!TRATIOll OF 1~3-BIS[TRTS(HYDROXYMETHYL)METJ!YL.MUNO]PROPANE 
WITH NaOH 

10 ml. 0.100 U.olar Chelating Agent 
20 ml. 

73 

70 ml. 
o.soo Molar NaN03 
Distilled Water 1.00 N MaOii 

ml. NaOH pH ml. NaOH PR 

o.oo 1.65 a.65 

0.04 6.'75 2.00 s.oo 
o.13 7.00 2.40 9.13 

0.17 7.05 2.a_q 9.30 

0.23 7.25 2.94 9.55 

0.35 7.42 3.25 9.90 

0.54 '7.74 3.43 10.05 

0.65 '7.90 3.58 10.36 

1.00 a.20 3.69 10.75 

1.15 9.31 3.95. 11.00 

1.34 8.49 4.00 
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TABLE 15 

TT TRA TtON OF 1-3-Br S [TRIS( HYDROXYMETHYL )MB'TRYLAMINO ]PROPA!IB
Cu ( N03) 2 WITH BaOH 

10 ml. 0.100 Molar Cu(NO~)g 
10 ml. 0.100 Molar Chela 1iig Agent 
20 ml. o.soo Mola~ RaN03 
60 ml. Distilled Water 1.00 1f lf aOH 

ml. 'RaOH pH ml.. 'NaOH pH 

o.oo 3.00 2.10 s.s1 
0.02 3.30 2.24 6.'15 

0.04 3.50 2.40 6.93 

0.055 3.62 2.55 '7.19 

0.19 4.16 2.68 7.39 

0.24 4.52 2.84 7.60 

0.20 4.'75 3.01 8.09 

0.32 4.85 3.40 e.29 

0.36 s.oo 3.65 a.so 
0.42 5.10 3.a5 8.70 

0.45 5.20 4.05 B.99 

0.55 5.32 4.20 9.01 pptation. 

0.64 5.42 4.51 9.39 

0.02 s.ao 4.79 9.50 

1.07 s.ao 4.95 9.71 

1.44 a.02 s.oo 9.72 

1.79 6.25 

~-~----
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TABLE 16 

5 ml. 0.100 llolai- C\l(lf0~)2 
10 ml. 0.100 Molar Cbela hig Agent 
20 ml. 0.500 Molar NaN03 
65 ml. D1at1lled Water 1.00 N NaOH 

ml. BaOH PR ml. NaOH pH 

o.oo 3.31 l.86 8.ll 

0.03 3.50 2.04 8.36 

0.09 4.00 2.14 8.44 

0.13 4.28 2.33 a.'10 

0.16 4.69 2.55 8.89 

0.19 4.90 2.'76 9.05 

0.26 5.24 3.02 9.26 

o.&> 5.35 3.25 9.49 

0.42 5.64 3.48 9.'11 

0.63 5.90 3.67 9.94 

0.92 6.31 3.82 10.05 

1.01 a.so 3.97 10.61 

1.18 6.80 4.09 10.90 

1.24 . 6.96 4.22 11.20 

1.39 '1.30 

1.52 7.59 

1.69 '1.sa 



TABLE 17 

10 ml. 0.100 Molar N1(N03)2 
20 ml. o.soo Molar NaN03 
70 ml. Distilled Water 

ml. NaOH pH 

o.oo 5.70 

0.03 7.24 

0.06 7.82 

0.09 s.02 pptation. 

0.34 e.1s 

0.59 B.24 

0.87 ·a.30 
1.17 8.38 

1.42 8.51 

1.63 a.'71 

l.'13 8.90 

l.Sl 9.35 

l.85 10.24 

1.91 10.50 

2.00 10.Sl 

76 

0.991 N liaOH 
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TABLE 19 

TITRATl:ON OF 1.3-B!S[TR!S(HYDROXYMRTHYL)l.fETHYLAMINO] PIDPANE
Ni(N03)g WITH NaOH 

10 ml. 0.100 Molar Chelating Agent 
5 ml. 0.100 Molar B1(N03)2 

20 ml. 0.500 Molar BaN03 
65 ml. Distilled Water 0.991 N NaOH 

ml. ll&OH Pii ml. ?iaOH pH 

o.oo 4.80 2.17 8.73 

0.04 5.68 2.45 8.90 

o.os s.aa 2.70 9.02 

0.12 6.02 3.00 9.19 

0.14 6.12 3.20 9.30 

0.19 6.24 3.59 9.51 

0.21 6.42 3.8'7 9.'74 

0.24 6.56 4.04 9.92 

o.34 6.89 4.18 10.04 

0.44 7.14 4.33 10.25 

0.62 7.42 4.43 10.48 

0.75 7.60 4.59 10.90 

o.sa 7.75 4.80 11.00 

l.10 7.98 

1.24 a.10 · 

1.43 8.24 

l.'72 e.46 

1.95 a.so 



TABLE 19 

TITRATION OF 1,3-BIS[TRIS(HYDROXYMETHYL)ltETHYLk~INO]PROPANE-
Ni(N03) 2 WITH llaOH 

10 ml. 0.100 Molar Chelating Agent 
10 ml. 0.100 Molar Bi(N03)2 
20 ml. 0.500 Molar lla?l03 
60 ml. Distilled Water 

ml. H&OR pH ml. NaOH PH 

o.oo 4.79 2.08 B.39 

0.04 5.20 2.33 B.50 

0.06 5.51 2.57 9.66 

0.12 s.as 2.aa e.eo 
0.18 6.11 3.16 8.95 

0.22 6.20 3.45 9.12 

0.20 6.47 3.'71 9.24 

0.36 6.'71 4.03 9.46 

0.47 6.97 4.34 9.65 

0.61 7.14 4.60 9.86 
-o.eo 7.42 4.78 10.01 

1.03 7.69 4.92 10.20 

1.29 7.89 s.01 10.36 

1.53 s.oa· 5.12 10.58 

l.77 e.25 



TABLE 20 

10 ml. 0.100 Molar Zn(N03)2 20 ml. o.soo Molar NaN03 
70 ml. Distilled Water . 

ml. NaOH pH 

o.oo 5.51 

0.03 6.50 

o.os 7.12 pptat1on. 

0.27 7.23 

0.73 7.60 

1.24 7.75 

1.97 s.20 

2.02 10.00 

2.05 10.40 

2.13 10.61 

79 

0.986 N NaOR 
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TABLE 21 

TITRATION OF 1,3-BIS[ TRIS(HYDROxntETHYL)METHYLA.v.INO] PROPANE
Zn( N03)2 WITH ltaOH 

5 ml. 0.100 Molar Zn(N03)2 10 ml. 0.100 Molar Chelating Agent 
20 ml. 0.500 Molar lJaN03 
65 ml. Distilled Wat~r 0.986 N NaOB 

ml. HaOR pH 

o.oo 5.96 

o.oa 6.39 

0.09 6.52 

0.14 6.'78 

0.20 6.92 

0.23 7.01 

0.29 7.12 

0.34 7.26 

0.52 7.42 

0.61 7.50 pptation. 

l.12 7.81 

1.78 8.25 

2.oe 8.61 

2.62 a.es 
2.so 9.01 

3.02 9.19 

3.59 9.39 

3.88 9.55 

4.05 .9.68 

4.25 9.86 
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TABLE 22 

TITRATION OF 1, 3-BIS [TRIS( HYDROXYMRTBYL )METHYLA?l.INO] PROPAl1E
Zn( N03)2 WITH BaOH 

10 ml. 0.100 Molar Zn(N0~)2 10 ml. 0.100 Molar Chela ing Agent 
20 ml. 0.500 Molar NaN03 
60 ml. Distilled Water 0.986 N NaOR 

ml. JlaOB pH ml. NaOH pH 

o.oo 4.91 0.76 7.30 pptat1on. 

0.02 5.59 1.18 "1.51 

0.04 5.99 1.68 7.69 

0.09 6.20 2.22 . 7.99 

0.12 6.40 2.n e.1s 
0.15 6.51 3.07 s.3e 
0.23 6.75 3.36 a.se 
0.25 6.81 3.64 9.176 

0.35 11.00 3.91 9.90 

0.42 .., .15 4.22 9.08 

0.45 7.18 4.58 9.30 

s.oo 9.51 



TABLE 23 

TITRATION OF 1~3-BtS[TRrS{HYDROXDraTa'YL}UETF.YLAM!NO]PROPANE
Fe(N03)3 WITH NaOH 

10 ml. 0.100 Molar Chelating Agent 
10 ml. 0.100 Molar Fe(N03) 3 20 ml. 0.500 Molar NaN03 1.00 N liaOR 60 ml. Distilled Water 

ml. NaOH pH ml. HaOB pH 

o.oo 1.11 5.60 2.41 

0.12 1.12 s.76 2.52 

l.04 1.15 5.81 2.55 

2.00 l.24 5.90 . 2.62 

2.61 1.30 6.01 2.65 

3.89 1.51 6.17 2.75 

4.40 1.65 6.35 2.75 pptat1on. 

4.68 1.75 6.45 2.82 

4.93 1.81 6.52 2.02 

5.00 1.91' 6.60 3.01 

s.os 1.96 6.64 3.30 

5.21 2.05 6.69 3.50 

5.30 2.14 6.70 3.86 

5.43 2.24 6.72 4.35 
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TABLE 24 

TIT RA TIOH OP l, 3:...Bl S [TRIS( HYDROXYME'fHYL )ME'1'fffLA.\!INO] PROPANE
Mn( N03) 2 WITH NaOH 

5 ml. 0.100 Molar Mn(N03)2 
10 ml. 0.100 Molar Chelatiiig Agent 
20 ml. 0.500 Volar NaN03 
65 ml~ Distilled Water i.oo N NaOB 

ml. Ka OH PH 

o.oo 3.50 

0.06 6.41 

0.09 6.59 

0.12 6.86. 

0.16 7.05 

0.20 7.22 

0.26 7.39 

0.30 7.48 

0.36 '1.59 

0.44 7.74 

0.59 7.94 

o.se 8.04 

0.86 8.23 

'l.02 a.39 

1.1'7 a.so 
1.2'7 8.60 

l.45 s.'70 

1.63 B.81 ppta.t1on. 
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TABLE 25· 

TITRATtON OF 1.3-B!S[TRI S( HYDROxnffiTHYL )METHYLAMI'NO] PROPANE-
Co(N03) 2 WITH NaOH 

10 ml. 0.100 Molar Chelating Agent 
5 ml. 0.100 Molar Co(N03) 2 20 ml. o.soo Molar NaN03 

65 ml. Distilled \'.tater l.OO B ltaOH 

ml. NaOH PH ml. NaOH PR 

o.oo 4.50 1 .. 86 8.'70 

0.04 6.10 2.20 8.93 

0.10 6.46 2.62 9.21 

0.19 6.85 2.80 9.41 

0.28 7.00 3.22 9.65 

0.35 7.16 3.44 9.90 

0.64 7.65 3.60 10.15 

o.a1 '7.89 3.74 10.36 

1.06 e.10 3.82 10.60 

1.31 8.32 3.92 10.90 

l.61 8.53 4.09 11.15 
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:'1 +2 methylaminoJ propane + Co • This chelate, formed at a pH 

of approximately 6, had a reddish yellow color which darkened 

as the solution was made more basic. The chelate was stable 

in strong base tor a week--no precipitate of the hydroX1de 

occurred. 

The potent1ometr1o t1trat1ons offered a quick and 

reasonably accurate method of testing for chelate formation. 
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6. ABSORPTION SPECTRA 

Werner (76) recognized that a characteristic color is 

one of the most important features of chelate compounds, and 

used the absorption spectra to d1st1ngu1sh between free 

metal ions and their chelate compounds. The free metal ions 

and the .free polyhydroxyamine ligands have very little 

light absorbance 1n the region or 300 to 900 m1111m1crons 

light wave length while the absorbance is verj•- strong for the 

chelate compounds 1n this region. '!his fact indicated that 

this method should be a good one for detecting the presence 

or the chelate compound. 

This method was used to show the formation of the 

l,2,3-tr1s[tr1s(hydroxymethyl)methylam1no]propane - eu+2 

chelate. This work is illustrated by the spectrophotometric 

study shown on Figure 6. It 1& shown that l.ittle light 

absorbance occurs at pH 2.5 indicating little or no chela

tion and just slightly more at pH s.o. When a pH or 6.5 1s 

reached the absorbance 1s very high meaning that chelation le 

essentially complete. At a pH or e.s the maximum light 

absorbance is about the same. The degree 0£ chelation is 

essentially equal to that at pH 6.5 •. The wave length at 

which maximum light absorbance occurred decreased appreciably 

('76) Werner. Ber., 34, 2594 (1901). 
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when the solution plJ was increased from 6.5 to e.s. This 

effect indicates some change in the composition of the com.

pound. Job's method discussed in the next section indicated 

a 1:1 chelate ratio at both PH's. The exchange of OH- groups 

tor water of hydration molecules on the copper ion might well 

be responsible tor this effect. 11'h.e color of the chelate 

solution at PH 6.5 was blue and at pH 8.5 it was violet. When 

more base was added and the PR increased to 11 no shift was 

noted (from the 9.5 pH) in the wave length of maximum light 

absoi-bance. The absorbance was slightly lower at pH 11, 

probably due to the considerable dilution of the solution by 

sodium hydroxide solution. 

Spectrophotometric studies are shown on Figures 7, A, 9 

and 10 for the following chelates, respectively; 

(a) 1,2-bis(trie(hydroxymethyl)methylamino]-

ethane - eu+2 

(b) l.3-b1s[tr1s(bydroxymethyl)methylam1noJ-

2-propanone - eu+2 

(c) l.3-b1s[trls(hydroxymethyl)methylam1noJ

propane - cu+2 

(d} 1,3 b1s[trls(hydroxymethyl)methylamino]

propane - 2 eu+2 and 2 co+2 

These studies we~ made at pH• s of 6.5 and 9.5 except in the 

case or the cobalt chelate "'dlich was studied at pH 7. 

tt is interesting to note that with each chelate studied 

the wave length giving maximum light absorbanee at pH 8.5 was 
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50 to 70 m1111m1crons lower than the one at pH 6. This is 

another way of stating that the chelates were blue at pH 6.5 

and violet at pH a.s. 
Experimental data taken in this work is shown on Tables 

26, 27, 29, 29 and 30. 



TABLE 26 

DETERMINATION OP CHELATE RATIO OP 
1,2,3-TRIS[TRTS(HYDROXYMETHYL)METHYLAMTWOJPROPANE 

AND CU(N03)2 BY JOB'S METHOD . 

(1) 20 ml. 0.500 M HaN03 
20 ml. 0.100 M Cu(N03)2 
60 ml. Distilled Water 
tlADE TO pH 6.5 

{2) 20 ml. 0.500 M NaN03 
15 ml. 0.100 M CU(N03)2 

5 ml. Ch.elating Agent 
60 ml. Distilled Water 
MADE ro pH 6.5 

{3) 20 ml. O.SOO·M Ne.N03 
10 ml. 0.100 K Cu(N03)2 
10 ml. 0.100 ti Chelating Agent 
60 ml. D1st1lled Water 
MADE TO pH 6.5 

(4) 20 ml. 0.500 M NaN03 
5 ml. 0.100 M Cu(N03)g 

15 ml. 0.100 v: Chelating Agent 
60 ml. Distilled. Water 
MADE TO pH 6.5 

(5) 20 ml~ 0.500 K NaN03 
20 ml. 0.100 Y Chelating Agent 
60 ml. Distilled Water 

WAVE LENGTH 
M1111microns 1 2 

360 Precipitation 
520 Precipitation 
620 Precipitation 
720 Prec1p1tat1on 

AB80RBANCE 
3 4 

0.447 0.125 
0.093 0.039 
0.371 0.160 
0.358 0.177 

RESULTS WITH ABOVE CO!!POSITIONS 
ADJUSTED TO PH a.5 

360 Precipitation 0.099 0.055 
520 Precipitation 0.275 0.150 
620 Precip1tat1on 0.346 0.184 
720. Precipitation O.l.70 0.091 

94 

5 

0.002 
o.ooa 
0.007 
0.010 

0.002 
o.oos 
0.007 
0.010 
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TABLE 27 

. DETER!n:NATION OF CHELATE RATIO OF 
i.s-ms[TRIS(RYDROXYMETHYL)'MF.THYLAM!NO]PROPANE 

AND Cu(N03)g BY JOB'S METHOD 

(1) 20 ml. 0.500 U NaN03 20 ml. 0.100 !l Cheli.ting Agent 
60 ml. Distilled Water 

(2) 

{ 3) 

20 ml. o.soo M WaH03 
3 ml. 0.100 M Cu(K03)2 

17 ml. 0.100 H Chelating Agent 
60 ml. Distilled Water 
ltADE TO pH 6.5 

20 ml. 0.500 M NaN03 
6 ml. 0.100 M Cu(N03)2 

14 ml. 0.100 M Chelating Agent 
60 ml. Distilled Water 
MADE TO pH 6.5 

(4) 20 ml. 0.500 M NaN03 
10 ml. 0.100 M Cu{N03) 2 
10 ml. 0.100 M Chelating Agent 
60 ml. Distilled Water 
VADE TO PH 6.5 

(5) 20 ml. 0.500 U NaN03 0 ml. 0.100 M Chelating Agent 
12 ml. 0.100 H Cu(N03)g 
60 ml. Distilled Water 
MADE TO PR 6.5 

(6) 20 ml. 0.500 K NaN03 6 ml. 0.100 M Chelit1ng Agent 
14 ml. 0.100 M Cu(N03)2 
60 ml. Distilled ~ater 
MADE TO pH 6.5 

(7) 20 tnl. 0.500 M NaN03 
3 ml. 0.100 M Chelating Agent 

17 ml. 0.100 H Cu(N03)2 
60 ml. Distilled Water 
MADE T-0 PB 8.5 

WAVE LENGTH 
lt1111m1crona 

650 
690 

1 

0.012 ---
ABSORBANCE 

2 3 4 
0.092 0.134 0.199 
0.084 0.141 0.210 

5 6 7 

Precipitation 
Precipitation 



'WAVE LENGTH 
M1111m.1crons 

TABLE 27 (CONTINUED) 

RESULTS WITH ABOVE COMPOSITION 
ADJUSTED TO PH a.5 

ABSORBAUCE 
1 2 3 4 
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5 6 7 

620 0.012 0.152 0.298 0.394 Prec1p1tat1on 
650 0.135 0.264 0.380 Precipitation 



(1) 

(2) 

( 3) 

(4) 

TABLE 29 

LIGHT ABSORBANCE OF l.2,3-_TRIS[TRTS(RYDROXYMETHYL)
METHYLAMINO]PROPANE-Cu(N03)2 CBELATES 

Standard 
20 ml• 0.500 M NaHO~ 
90 ml. Di stilled wa er 

20 ml. 0.500 M NaN03 
10 ml. 0~100 M Chelating Agent 
10 ml. 0.100 M Cu(N03)2 
60 ml. D1st11led Water 
MADE TO PR 2.5 

SAW COYPOSIT!OB AS (2) 
MADE TO pH 5.0 

SA.'flE COMPOS !TI ON AS ( 2) 
MADE TO pH ll.O 

WAVE LEMGTB LIGHT ABSORBANCE 
M1111m1crons 2 3 4 

360 o.ooo 0.020 0.064 

370 o.ooo 0.018 0.034 

380 0.002 0.017 0.025 

390 0.004 0.016 0.022 

400 0.005 0.016 0.023 

410 o.oos 0.015 0.;024 

420 o.oos o.01s 0.029 

430 o.oos 0.015 0.035 

440 0.006 0.013 0.047 

450 0.006 0.013 0.065 

460 o.oos 0.013 0.093 

470 o.oos 0.013 0.125 
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TABLE 2B (CONTINUED) 

WAVE LENGTH L!GRT.ABSOHBANCE 
M1111m1crons 2 3 4 

480 0.006 0.013 0.165 

490 0.007 0.013 0.209 

500 0.007 0.013 0.249 

510 0.006 0.013 0.280 

520 o.ooa 0.012 0.;304 

530 0.006 0.012 0.320 

540 0.006 0.012 0.330 

550 0.006 0.014 0.341 

560 0.006 0.015 0.345 

570 o.ooe 0.019 0.345 

580 0.006 0.010 0.350 

590 0.007 0.022 0.350 

600 0.010 o.q24 0.347 

610 0.013 0.030 0.343 

625 0.010 0.039 0.329 

650 0.027 0.054 0.290 

675 0.044 0.075 0.236 

700 0.094 0.098 0.182 

750 0.100 0.135 0.101 

775 0.111 0.144 0.071 

800 0.119 o.147 0.053 

950 0.115 0.139 0.028 

900 0.105 0.120 0.019 

950 o.os9 0.101 0.015 



TABLE 29 

LIGHT AB-SORBANCE OF l.3-EIS[TRIS(HYDIDXYl!ETHYL)
METH':lLAM!NOJ2-PROPANONE-Cu(N03)2 CRELATES 

( l) Standard 
20 ml. 0.500 H NaN03-
BO ml. Distilled Water 

. ( 2) 20 ml. 0.500 M Na.N03 
10 ml. 0.100 li Cu(N03)g 
70 ml. Distilled Water 

(3) 20 ml. 0.500 M NaRO 
10 ml. 0.100 14 Cu(t.fa3)2 .. 
10 ml. 0.100 M Chelating Agent 
60 ml. Distilled Wate~ 
MADE TO pH 6.5 

{ 4) SAME COU-POSIT!ON AS ( 3) 
MADE TO pH 8.5 

WAVE LENG'l.'H L'IGHT ABSORBANCE 
M1111m1crons ·2 ·3 

355 0.016 0;,.'138 

365 0.015 o.soa 

375 0.014 0.409 

385 0.013 0-.395 

400 0.012 0.297 

410 0.012 o.251 

420 0.012 o.21a 
430 0.012 0.194 

440 0.012 o.175 

450 0.012 o.1so 
460 0.012 0.149 

470 0.012 0.140 

·4 

0.920 

0.759 

0.620 

0.506 

0 .. 304 

0.324 

o.2so 
0.254 

0.240 

0.236 

0.244 

0.252 
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TABLE 29 ( CONTINUED) 

WAVE LENGTH L!GBT ABSORBANCE 
M1111m1crons 2 3 4 

480 0.012 0.132 0.269 

490 0.012 0.130 0.289 

500 0.012 0.130 0.304 

510 0.012 0.130 0.318 

520 0.012 0.132 0.330 

530 0.012 0.139 0.345 

540 0.012 0.146 0.359 

550 0.012 0.154 0.3'74 

560 0.013 0.160 0.394 

570 0.015 O.lBl 0.399 

590 0.016 0.196 0.412 

590 0.017 0.213 0.424 

600 0.019 0.229 0.430 

610 0.023 0.244 0.435 

625 0.027 0.266 0.442 

635 0.031 0.2'76 0.430 

650 0.035 0.288 0.414 

675 --- 0.305 0.374 

700 --- 0.302 0.324 

'725 o.oes 0.287 0.274 

'750 0.104 0.262 0.223 

800 0.117 0.206 0.145 
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TABLE 29 (CONTINUED) 

WAVE LENG'm LIGHT AB..~ORBANCE 
M1111m1crons 2· 3 4 

850 0.112 0.149 0.095 

900 0.100 0.104 0.065 

950 0.087 0.074 0.048 



TABLE 30 

LIGHT ABSORBANCE OF 1,.3-BIS [TRIS(:BYDROXYMETFIYL}
METRYLAMINO)PR.)PAHE-Cu(N03}2 CHELATE 

(1) Standard 
20 ml. 0.500 M NaN03 
80 ml. Distilled Water 

(2) 20 ml. 0.500 M NaN03 
10 ml. 0.100 M Chelating Agent 
70 ml. D1st1lled Water 

(3) 20 ml. 0.500 M NaN03 
10 ml. 0.100 H Chelating Agent 
10 ml. 0.100 M Ou('N03)2 
60 ml. Distilled '/later 
MADE TO pH 6.5 

(4) SAME COMPOStTION AS (3) 
J..MDE TO pH 9.5 

WAVE LENGTH LIGHT ABSORBANCE 
U1ll.1m1crons 2 3 

360 0.012 0.455 

365 0.071. o.395 

370 0.070 0.349 

375 0.069 0.304 
~ 

380 o.osa o.2s1 

385 0.068 0.2&> 

390 o.oss 0.200 

395 0.06'7 0.171 

400 0.067 o.J.45 

410 0.067 o.ios 
420 0.066 0.075 

430 0.066 0.055 

4 

o.eso 
0.773 

0.688 

0.595 

0.528 

0.454 

0.400 

0.345 

0.298 

0.227 

0.1178 

0.147 
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TABLE 30 (CONTINUED) 

WAVE LEMGTH LIGHT ABSORBANCE 
M1111m1crone 2 3 4 

440 0.065 0.037 0.129 

450 0.064 o.m?7 0.124 

460 0.065 0~021 0.127 

470 o.os3 0.019 0.135 

480 0~062 0.019 0.158 

490 0.063 0.022 0.101 

500 0.052 0.025 0.206 

520 0.062 0.040 o.264 

540 o.os2 0.062 0.324 

560 0.065 0.089 0.376 

580 o.os3 0.119 0.424 

600 0.063 0.148 0.451 

620 0.065 0.1'72 0.455 

640 0.063 0.195 0.452 

660 0.062 0.205 0.425 

680 0.062 0.21.9 0.392 

'700 o.osa 0.220 0.335 

'725 o.os9 0.216 0.281 

'750 o.ooo 0.204 0.228 

775 0.070 0.196 0.184 

BOO 0.070 O.l6B 0.149 

850 0.071 0.128 0.097 

900 0.071 0.096 0.067 

950 0.071 0.069 0.048 
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7. JOB'S METHOD 

Job (77, 78) developed a simple method to determine the 

composition of chelate compounds 1n solution, which is called 

the method of continuous variation. This method 1s based on 

the fact that, ror a constant total concentration of metal 

and chelating agent, the concentration or chelate is greatest 

when the metal and chelating agent are present in the same 

ratios 1n \'hich they exist 1n the chelate compound. 

Since 11ght absorbance is a good indication of chelate 

concentration, it is the measure most often used 1n Job's 

method• al though other physical measurements such as refrac

tive indices might be used. Thus in the work reported herein, 

light absorbance was plotted against R, where R equals ratio 

of metal ion to metal ion plus ligand. Therefore, an R value 

ot 0.5 would indicate an ion to ligand ratio of 1 to l. 

Figures 11. 12 and 13 show Job's method studies on the 

following chelates: 

(a) l,2-b1s[tr1s(hydroxymethyl)methylam1no]

ethane - eu+2 

(b) l,2,5-tr1s[tris(hydroxymethyl)methyls.m!no]

propane - ·cu+2 

(o) l,3-b1s[tr1s(hydroxymethyl)methyl.amino]

propane - eu+2 

(7'7} Job,, Ann. ch1m., (10)..2., 113 (1928). 
(78) Job, Ann. chim., (ll)A, 97 (1936). 
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The experimental data from these studies are shown on 

Tables 31, 32, 33 and 34. 

108 

Tt 1s evident, from the sharp peaks obtained at an R of 

0.5, that chelation or the polyhydroxyamines with the 1ona 

of the first transition metals occurs 1n a one to one rat1o. 

This was true with either Pll 6.5 or 9.5, blue color or 

violet and in the rather limited concentration variations 

covered. In all cases When excess eu+2 (over a 1:1 ratio) 

was added, prec1p1tat1on of cupric hydroxide occurred. With 

the strong chelating agent 1,2,3-tr1s[tr1s(hydroxymethyl)

methylam1no]propane prec1p1tat1on occurred very slowly and 

only with rather high eu+2 to ligand ratios. 

L__ - - ------ - - - --------
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TABLE 31 

DETERMINATION OF CH.e"iATE RATIO OF 
1~2-BIS[TRIS(HYDROXY'METHYL)METHYLAMINO]ETHANE ARD Cu(N03)2 BY JOB'S HETHOD 

(1) 20 ml. 0.500 M NaN03 
10 ml. 0.100 J.t Chelating Agent 
70 ml. Distilled Water 

(2) 20 ml. 0.500 it llaN03 
2 ml. 0.100 M Cu{N03)2 
B ml. 0.100 M Chelating Agent 

70 ml. Distilled Water 
ADJUSTED TO PH 6.5 

(3) 20 ml. 0.500 K NaNO 
4 ml. 0.100 M CuUi~3) 2 
6 ml. 0.100 K Chelatliig Agent 

70 ml. Distilled Water 
ADJUSTED TO pH 6.5 

{4) 20 ml. 0.500 M NaN03 
5 ml. 0.100 K Cu(N03)2 
5 ml. 0.100 M Chel.ating Agent 

70 ml. Distilled Water 
ADJUSTED TO pH 6.5 

(5) 20 ml. 0.500 M BaN03 
6 m1. 0.100 M Cu{ 1W3)2 
4 ml~ 0.100 M Chelating Agent 

70 ml~ Distilled Water 
ADJUSTED TO pH a.s 

(6) 20 ml. 0.500 M WaN03 
8 ml. 0.100 H Cu(N03)9 
2 ml. 0.100 M Chelating Agent 

70 ml. Distills d Water · 
ADJUSTED TO PH 6.5 

(7) 20 ml. 0.500 M NaNOs 
10 ml. O.lOQ M Cu(N03}g 
ADJUSTED TO pB 6.5 

WAVE LENGTH ABSORBANCE 
M'1111m1crons 

360 
650 
720 

1 
o.ooo 
o.ooo 
o.ooo 

2 

0.040 
0.075 
0.071 

3 4 
0.094 
0.115 
0.122 

0.132 
0.137 
0.150 

5 6 7 

Precipitation 
Precipitation 
Precipitation 
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TABLE 31 ( CONTIN!JED) 

RESULTS WITH ABOVE COMPOSITIONS 
ADJUSTED TO PH 8.5 

WAVE LENGTH 
M1111m1crona 

360 
650 
720 

l 

o.ooo 
o.ooo 
o.ooo 

2 

0.016 
0.086 
o.oss 

(9) 20 m1. 0.500 M NaNO~ 

ABSORBANCE 
3 4 

0.049 
0.149 
0.106 

0.265 
0.196 
0.162 

3 ml. 0.100 Ji CU(N03) 2 
7 ml. 0.100 lt Chelatliig Agent 

70 ml. Distilled Water 
ADJUSTED TO pH S.5 

(9) 20 ml. o.soo M Na'N03 
3.5 ml. 0.100 M CulN03) 2 
6.5 ml. Chelating Agent 

70 ml. Distilled Water 
ADJUSTED TO PH 8.5 

(10) 20 ml. 0.500 V NaN03 . 
4.5 ml. 0.100 1l Cu( N03)2 
5.5 ml. 0.100 K Chelating Agent 

70 ml. Distilled Water 
ADJUSTED TO pH 8.5 

WAVE LENGTH 
V1111m1crons 

360 
620 
720 

a 
0.024 
0.112 
0.079 

ABSORBANCE 
9 

o.02s 
0.110 
0.079 

5 6 '1 

Precipitation 
Preeip1tat1on 
Prec1pitat1on 

10 

0.062 
0.153 
0.111 



( l) 

(2) 

(3) 

(4) 

TABLE 32 

LIGHT ABSORBANCE OF 1~2-BIS[TRIS(HYDROXY"rlRTHYL}
METHYLAMINO]ETBANE-Cu(B03)2 OilELATF.S 

20 ml. 0.500 M NaN03 
80 ml. D1st1lled Water 

10 ml. 0.1045 U Cu(N03}g 
20 ml. 0.500 M NaNOi 
'70 ml. D1st1lled Wa er 

10 ml. 0.1045 M CU{N03)g 
20 ml. 0.500 M Na.N03 
20 ml. 0.100 M Chelating Agent 
50 ml. Distilled Water 
ADJUSTED 'IO pH 6. 5 

SAME COMPOSITION AS ( 3) 
ADJUSTED TO pH 8.5 

WAVE LENGTH .Ll:GHT ABSORBANCE 
V1111m1erons 2 3 4 

320 0.00'7 1.49 1.70 

330 0.007 1.20 1.49 

340 0.018 0.823 0.972 

350 0.006 0.583 0.657 

360 o.ooa 0.434 0.513 

370 o.ooe 0.320 0.:380 

390 o.oos 0.234 0.275 

390 0.009 0.165 0.192 

400 0.010 0.120 0.135 

420 0.009 0.05? 0.061 

440 o.ooa 0.022 0.044 

460 o.oos 0.011 0.06'7 
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(1) 

(2) 

( 3} 

( 4) 

(5) 

TABLE 33 

LIGHT ABSORBANCE OP l,2,3-TRIS[TRIS(HYDROXYMETHYL)
METHYLAMINO]PROPANE-Cu(N03)2 CfmLATES 

Standard 
20 ml. 0.500 M NaNO~ 
so ml. D1at1lled Wa er 

20 ml. 0. 500 M 'llaNOg 
10 ml. 0.104 K Cu{N 3)2 70 ml. Distilled Water 

20 ml. 0.500 M NaNO 
10 ml. O .100 lt Chel~t1ng Agent 
70 ml. Distilled Water 

20 ml. 0.500 M NaNO 
10 ml. 0.100 t« Cbellting Agent 
10 ml. 0.104 M CU{N03)2 60 ml. Distilled Water 
MADE TO pH 6.5 

SAME COMPOSITION AS (4) 
MADE 'fO pH e.s 

WAVE LENGTH LIGHT ABSORBANCE 
'Y1111m1crons 2 3 4 5 

340 o.01a 0.002 0.900 0.420 

350 o.ooe o.ooo 0.611 0.191 

360 0.004 0.002 0.423 0.090 

3'10 0.002 0.002 0.295 0.050 

390 0.001 0.001 0.215 o.037, 

390 0.001 0.001 0.159 0.025 

400 o.ooo 0.001 0.116 0.021 

410 o.ooo o.ooo o.oae 0.022 

420 o.ooo o.ooo o.os7 0.027 

430 o.ooo o.ooo 0.054 0.038 
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TABLE 33 ( CONTIMUED) 

WAVE LENGTH LIGHT AB...~RBANCE 
M1111microns 2 3 4 5 

440 o.ooo o.ooo 0.047 0.054 

450 o.ooo o.ooo 0.042 0.079 

460 o.ooo o.ooo 0.041 o.uo 
470 o.ooo o.ooo 0.044 0.146 

490 o.ooo o.ooo 0.049 0.195 

490 o.ooo o.ooo 0.057 0.224 

500 o.ooo o.ooo 0.067 0.250 

520 o.ooo o.ooo 0.100 0.305 

540 o.ooo 0.002 0.135 0.338 

560 o.ooo 0.002 0.193 0.362 

580 0.004 0.003 0.244 0.391 

600 o.ooe 0.003 0.294 0.390 

625 0.014 0.004 0.337 0.384 

650 0.026 0.005 0.362 0.349 

6'75 0.040 o.oos 0•363 0.295 

'700 0.054 0.006 0.345 0.235 

'725 o.oa2 0.006 0.31.5 0.183 

750 0.098 0.006 0.275 0.137 

800 0.115 0.006 0.204 0.075 

850 0.109 o.oos 0.138 0.039 

900 0.099 o.oos 0.100 0.021 

950 0.093 0.005 0.0'70 0.014 



TABLE 

L!GHT ABSORBANGE OF 1.3-BJ:S[TR!S{HYDROXYMETHYL)
!l.ETEYLAMINO] PROPANE-Cu(!l03)g CH.tt;LATE 

(1) Standard 
20 ml. 0.500 M NaN03 
80 ml. Distilled Water 

(2) 20 ml. 0.500 M NaN03 20 ml. 0.100 Id Chelating Agent 
10 ml. 0.100 M Cu(N03)g 
50 ml. Distilled Water 
MADE '1'0 PH 6.5 

(3) SA.~E COMPOSITION AS (2) 
MADE TO pH 8.5 

(4) 20 ml. 0.500 M NaN03 
20 ml. 0.100 M Chelating Agent 
10 ml. 0.100 M Cu(N03) 2 50 ml. Distilled Water 
t!ADE TO PH 7.0 

WAVE LENGTH LIGHT ABSORBANCE 
1!1111m1crons 2 3 

360 0.635 0.589 

365 0.522 0.452 

370 0.455 0.398 

375 0.407 0.330 

380 0.356 0.281 

385 0.313 0.239 

390 0.275 0.201 

395 0.240 0.170 

400 0.204 0.140 

405 . 0.1'75 0.116 

4 

0.447 

0.363 

0.316 

0.276 

0.245 

0.210 

0.196 

0.1'76 

0.159 

0.144 
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TABLE 34 ( CONTtlWED) 

WAVE LENGTH LIGHT ABSORBANCE 
M1llim1crons 2 3 4 

410 0.149 0.09? 0.131 

415 0.124 o.ooo 0.117 

420 0.104 0.065 0.107 

425 0.007 o.ose 0.101 

430 0.014 o.oso 0.095 

435 o.oso 0.045 o.oos 
440 o.oso 0.044 0.003 

445 0.041 0.044 0.079 

450 0.030 0.046 0.0'75 

455 0.029 0.050 0.071 

460 0.026 o.osa 0.069 

465 0.024 0.064 0.067 

4'70 0.025 0.074 0.057 

475 0.025 0.084 o.osa 
480 0.026 0.096 o.osa 
490 0.034 0.122 0.0'72 

500 o.o4e 0.153 0.079 

510 o.os2 o.1aa 0.096 

520 o.oa2 0.223 o.ooo 
540 0.135 o.304 o.ose 
550 0.163 0.341 0.091 

570 0.221 0.413 0.0'71 

590 0.249 0.440 0.088 
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TABLE 34 ( CONTINUED) 

WAVE LENGTH LIGHT ABSORBANCE 
M1111microna 2 3 4 

590 0.276 0.46S 0.067 

600 0.:301 0.488 0.065 

625 0.344 o.soo 0.052 

635 0.359 0.496 ---
650 0.366 0.475 0.035 

6'75 0.371 0.425 0.019 

685 0.399 0.36.9 0.014 

'100 0.359 0.356 0.009 

725 0.355 0.290 0.004 

750 0.305 0.229 0.001 

7'15 0.267 0.173 o.ooo 
BOO 0.231 0.131 o.ooo 
850 0.165 0.074 o.ooo 
900 0.116 0.035 o.ooo 
950 o.oao 0.022 o.ooo 

1000 o.oss 0.011 0.003 
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STRUCTURE OF POLYHYDROXYA'\!INE CHELATES 

In every chelate compound made using the polyhydroxy

amlnes and the bivalent transition metal ions, the chelating 

agent behaved as a bidentate compound. The b1dentate nature 

was indicated by the fact that two protons were displaced in 

the reaction. Chelation of the transition metal ions by the 

polyhydroxyam1nes seems to fall into two categories. First, 

the general case, occurs ~ere the bidentate agent cbelates 

1n a one to one ratio w1 th Cu +a, ?11 +2 , Co .,.g, and Mn +a ions. 

Two protons are displaced 1n this reaction. Fernelius, et 

al. {79) have shown that chels.tes bonded thr0ugh nitrogen are 

considerably more stable than those which are bonded through 

sulfur (or oxygen) • The .ferric ion was not used 1n this: work 

and may behave differently. Where the bivalent 1ons have a 

choice of bonding through the oxygen or nitrogen, as in the 

polyhydroxyamines. it is logical to assume that they would 

bond through the nitrogens. thereby giving the structure or 
highest stability with ti ve or aL""< membered rings,, depending 

upon whether the chelating agent is an ethane or propane 

derivative. rt has also been shown that the copper forms a 

square planar chelate w1th the cupric ion in the center. · The 

The structure postulated for case one 1s shown on Figure 14. 

The chelating agent used in the example 1s l,2,3-tr1s[tr1s-

{?9) Hares, Fernelius and L'ouglas, J. Am. Chem. Soc., 78, 1816 
(1956). 
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{hydroxymethyl)methylam1no]propane and the metal ion is eu+2• 

In the second case (the special one}. the ferric ion is 

chelated by l.3-b1s[tr1a(hydroxymethyl)methylamlno]-

2-propanol. The major work in this field was done by 

Gladding (90). who has proposed three possible structures for 

the "d1seo"-terr1c ion chelate. The ferric 1on was round to 

displace three protons from the ligand. '!'he structures pro

posed by Gladding therefore involve chelation by terdentate 

agents. The structures proposed are bonded as follows: 

( a) Through the two secondary amine groups and the 

oxygen or the secondary alcohol group. 

(b) Through the two secondar:r amine groups and the 

oxygen of one ot the primary alcohol group. 

(c) Through the oxygens of three primary alcohol 

groups of one of the polyhydroxyamlne groups. 

The proposals {b) and (c) are untenable since chelating 

agents similar in nature and containing the functional groups 

and structure requisite tor forming chelate structures such 

as {b) and ( c) do not form stable chelates with ferric ion. 

l.3-b1s[tr1s(hydrox:ymethyl)methylam1no]-2-propanol ("d1sectt) 

is the only agent which chelated iron although other poly

hydro.xyam!nes (notably the i.2.:s-propane tr1am1ne derivative) 

gave comparable. stability constants with the bivalent 

(80) J. B. Gladding, M.S. Thesis, University of Richmond 
(1956). 
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transition metal ions. This suggests a completely different 

mechanism or chelation 1n the special case or the chelation 

of ferric ion by "d1sec." Structure (a) proposed by Gladding, 

involving bonding through the secondal'Y' amines and secondary 

alcohol groups seems to fit all experimental requirements. 

This structure la shovm on Figure 14 and contains two five 

membered rings. 
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cu+2 forms stable chelatesw1tb the following poly

hydroxyam!ne compounds: 1#2,3-trls[tr1s(hydroxymethyl)

methylam1no] propane,, 1,3-bis [tris(hydrox1E11ethyl)methylam1no]-

2-propanol~ l,3-b1a [tris(hydro.xymethyl):methylamino] propane, 

l,3-b1s[tr1s(hydroxymethyl)methylam1no]-2-propanone and 

1,2-b1s [tr1s(hydro:icymethyl)methylam1no] ethane. These com

pounds are listed 1n order of' deareas!ng chelate stability. 
2 . 

The solid Cu+ - 1,3-b1s[trls{hydroxymathyl)methylam1no]-

2-propanol chelate was recovered and pur1f1ed. It was non

crystalline, and deliquescent. This chelate was soluble 1n 

water, methanol, ethanol and acetone and insoluble in diethyl 

ether, dioxane and hydrocarbons. 

Stable chelates containing co+2 were produced with l,2,3-

tr1s [tr1s(hj'drorymethyl}methylam1no1 propane,> i,3-bis [tr1s

(hydroxymethyl)methylaminoJ-2-propanol and 1.3-bis[trls{hydroxy

methyl)methylamino]propane. These compounds were less stable 

.than the eu+2 chelates. 

vn+2 gave a rather weak chelate compound when reacted 

with 1.2,3-tris[tris(bydroxymethyl)methylamlnoJpropane while 

Fe+3 produced no ctelate when reacted with polyhydl'oxyamine 

compounds not containing the secondary alcohol group. 

The N1+2 ion fanned a chelate with the l.3-propane

d1am1ne derivative. No chela tea were .formed by the rare earth 

ions with the polyhydroxyamine compounds. 
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Stability constants were obtained for several of the 

polyhydroxyamine chelate compounds. A list of them follows: 

Complexity 
Ligand Metal Ion Constant - log Ks 

1,2,3-trisf tris(hydroxymethyl)-
w.n+2 me~hylam1no)propane 2.24 

same co•2 5.65 

same eu+2 approx.10.00 

1,2-bis[tris(PYdroxymethyl)-
methylaminoJ ethane eu+2 2.52 

1,3-bis[tris(hydroxymethyl)-
eu+2 methylamino]-2-propanone 2.57 

Structures are proposed tor the general case or the 

polyhydroxya.mine compounds with the bivalent transition 

metal 1ons, and the structures, proposed by Gladding, for 

the ferric ion - "d1sec" chelate are commented upon. 
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lfajor cred1 t tor thls work belongs to Dr. w. E .. ~u.t, Jr. 

H1s suggestions. advice and encouragement were ot great value 

in the formu.lation of this program and 1n the interpretation 

of the results. The counseling or Dr. J. Stanton Pierce, on 

the preparation ot the polyhydroxyam1nea, was both generous 

and w1 se. R1s gift ot the "d1sec" free base was gracious · 

and belptul. nr. W. Allan Powell trequent1y of"f'ered sound 

advice on the analysis or these compounds. Helpful sugges

tions were made by Dr. James E. Worsham. Jr. on the treat

ment of this work from the standpoint of' physical e'hemistey. 
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