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An Infrered Investigation of Alkaline- Harth Chelates of
H=Hydroxyethylethylencdiaminetriacetic Acid and Ethylenc=-
diaminetetraacetic Acid '

by

sarah MeDuffie Bluemel

Infrared investigations of.magnesium, calcium,
strontium, and barium with both N-.Hydroxy@thylethylcne—
diaminetriacetic acid and ethylenediaminetctraacetig
acid have been conducted in deuterium oxide solutionse
The pH of these solutions was varied by adding small
amounts of concenbtrated sodium hydroxide and nitric
acids, Infrared spectra were recorded at various pH
values for each of the alkaline- earth chelates as
well as for HEDTA and EDTA, These spectra were then
plotted,

This investigation revealed that protonation of
the metal- chelates, HEDTA and EDTA occurred as the
solutions were acidified. It further showed that the
covalent character of the bonding for both the HEDTA
and EDTA chelates is inversely prcportionsl to the lonie
radii of the metal ions., There was no evidence established
th

Tor the bonding of the hydroxye



CHAPTER I

INTRODUCTION

An Introduction to Chelations:

Compounds formed by the combination of a central
meval ion and coordinating agent that can occupy
simultaneously more than a single cocrdinaticn position
are referred to as chelates., Frequently, such chelates
contain polydentate ligands which form simultancously
more than one ringe Certain chelating agents which
contain both oxygen and nitrogen are particularly
effective in forming 3uablc complexes with a wide variety
of metal ions, Some of the more important of thesc
chelates are: ethyl ether diamineteﬁraacetic acid
(EEbTA), ethylene glycol bis (fF ~aminoethyl cther)-
N,ﬂ‘tetraacctic acid (BGTA), diethylenetriaminepenta-
acetic acid (DTPA), diethylenetriamine (dien), tri-
ethylenetetramine (trien), tetrasthylenopentamine
(tetren), and of partidéular interest, ethylenediamines-
tetraacetic acid (EDTA), and N- Hydroxyethylethylenc=-

diaminetriacetic acid (HEDTA).

EDTA is known to form stable chelates with many

metal ions, but not much is known about the actua

structure of its chelates. Some information about the
structure of EDTA~ chelates has been gained through

a 3 ’ v g T & I BT e tJ
the stndies of Nokamoto, Horimoto, and Hartell (5):;

Sawyer and Paulsen (9,10); Sawyer and Tackebtt (11);
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and Sawyer and McKinnie (8. _Bj comparing the struc-
ture of EDTA and HEDTA (Figure 1), one can see that
the bonding positions are almost identical., The
difference is that in HEDTA an hydroxyethyl group
has replaced one of the acetate groups. The strength
of the metal-~ chelate bonds 1s one of the major con-
tributors to the stability. I the hydroxyethyl group
forms as stfong a bond as the acetate group, then the

1EDTA chelates should be as stable as the HEDTA chelates,

An Introduction to Infrared Analysis:

Infrared ﬁnalysis indicates the presence of
certain functional groups by recording thelr absorption
bands. Infrared does not destroy tﬁe gample or alter
the structure in any manner. Once an absorption band
has been identified, its "normal position" is recorded.
If a given functional group becomes bonded, its
absorption band shifts-to a different frequency. By
studying the spectra of the chelates, one can determine
which of the functional groups present are bonded and
which are not. |

Infrered analysis can be curried out in all of
iysical states. When solutions are used,
gpocial care must be teken in choosing the solvent,

U N )

i ~ T r eyt ) ISy e~ o oler o = . s S . S e J -
The solvent should not mask or dis § the absorption

o, 1Y Y Eeglt 0 L = AN fxcy
bands of the species of interest,



EDTA
TO0GCH,, LCH,C00™
- ~ T=CH,~GHp~Ii .
“00CCHS CH,C00
p}\"_l = 2.0, pK2 = 2,67, pKB = 6.13, pKu = 10,26
T = 20° @ | A=0.10 (1)
HEDTA
~006CH CH5C00
ENI-GH,~CH,-N & _
HOCH,CH,” N CH,C00
1)1\.1 v 206&‘.}_5 plkz = SG/‘%, pl\-s - 9‘73
7= 20° ¢ A= 0.10 (1)

O

O

o
Pigure 1

R e - S 1 e PR T X O IR - oy
yarison of the Structure of [EDTA and TEDTA



Statement of Problem:

The purpose of this study is to record the

infrared spectra of the alkaline- earth chelates of
EDTA and HEDTA at various pH values. Solutions were
studied because the polyaminocarboxylate chelates are
most generally used as titrantse” Deuterium oxide was

sed as the solvent to eliminate the masking effect
of water, When water is used as a solvent, the infrared
regions from 2900 cm-l to 1600 cm-l and from 1500 cm-l
to 1000 cm™t ray be ultilized, Walter absorbs in the
other portions of the spectrum., When deuterium oxide
is used as the solvent the infrared regions from 4000

em™L to 2900 em™r, from 2000 em™* to 1300 em™t

and
from 1100 cm_l to 900 em™t may be ultilized, The other
portions ére not usefvl because of strong absorption
by'the deuterium oxide, The main regions of interest
in this study were from 1250 cmul to 600 cm~1 which

corresponds to the vibration of the )N~GH2-GH20H as

3]

He

=y -1 e
a whole (5); and from 1800 em ~— to 1300 cm = which
the region where the metal- carboxylate bond absorbs(3).
It is further intended that analysis of these

spectra should indicate the effect of varying the pi.

The coordinating positionsg for both EDTA and

: - 5 3 , . A,
being compcted for by both the metal ion and the ﬂBU
ions., The extent of the coordination of the metal ion,

therefore, is dependent upon the pH of the solution
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useds In fairly acidic solutions, partial protonation
of the chelating agent may oceur, This protonation
can be determined by noting the shift of the absorption
bands, | .

Finally, it was hoped that some evidence either
for or against the bonding of the hydroxyethyl group
could be determined, The hydroxyethyl group is not

expected to enter into bonding with the metal ione



CHAPTER IT
INFRARED INVESTIGATION

Materials and Apparatus Used:

Reapgent grade chemicals were used throughout
this inv¢stigation whenever posgsible, The alkaline-
earth ion solutions were prepared in deuterium oxide
from the nitrate salts. The deuterivm oxide was pur-
chaaed from ﬁhe Mathesen Company Inc. and was 99.5%
minimum puritye. The concentration of the magnesium,
caleium, and strontium solutions was 0,600 molar, while
the concentration of the barium solution was 0,300 molar,

The HEDTA solution was prepared from the tri-
sodium selt, and the EDTA solutioen was prepared from
the discdium salt, which was rn.wﬁné grede, The HEDTA
was obtained from the J.T. Baker Chemical Company and
was assayed at 98% minimum purity. The concentration
of both chelate solutions was 0.600 molar in deuterium
oxide,

A Beckman Model 72 pH meter equipped with a
glass electrode, and a silver chloride refcrence
electrode was used to record the pH of the solutionse.
o attempt was made to convert the measured pl valucs

to pD valuves because the differerice in the two values

on

v -~ - L R | ~ IxoaA e e #
was consgidered to be less ©Th
L Jermmniacts sk g e

) uL‘l:;':rs';;:.:i;,

Becaouse this investizgation waszs carried out on



gsolutions with deuterium oxide as the solvent, silver
chloride cells were used in recording the infrared spectra,
The silver chloride cells were obtained from the Wilks
Scientific Corporationes The silver chloride cell

windows contain a 0,025 mm circular depression which
enables the cell path length to be changed to a capillary
length by placing the flat sides together, to a nominal
length of 0,025 mm, or to a maximun length of 0.0SC]mn.

All the spectra used were recorded on a Beckman IR=- 7
double beam infrared spectrophotometer. The referecnce

was aire

Procadurs:

The metal~ chelates were pfepared by adding
equivalent amounts of the stock metal ion solutions and *
the stock chelate solutions, Once the chelate had been
formed, the pH was varied by adding small amounts of
either concentrated sodium hydroxide (50%) or concen=
trated nitric acid. After the solution was adjusted to
a particular pH, a small amount was withdrawn and the
spectra was recorded. Although there was a small error
of dilution caused by adding acid or base to vary the
pH of the solution, the error was negligible and did
not effeect the results in any noliceable manner, This

o £

"method did eliminate precipitaticn noticed in some of
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the solutions which had been allowed to stand for awvhile,
The range of the pH variation was from 2¢5 to 11,0 in
increments of about one pH unit, The solutions wcré
placed in the absorption cells by means of a hypodermic
syringe., The amount used was carefully regulated so
that the path length would remain constant throughout
this investigation.

The spéctra were recorded in silver chloride

cells at capillary path length. This length was
necessary in order that the maximum absorbance intensity
of the bands of interest could be recorded, In the
study of Nakamoto, Morimoto, and Martell (5) on IEDTA
o series of absorption bands caused by the vibration
of the >N- “Fz “HEDH group as a whole wers recorded in
the region from 600 cm™1 to 1250 om—l. In order to
obtain the greatest possible intensity in this reglon,
the maximum path length of 0,050 mn was used for that
part of the specctra. The entire set of infrared spectra
for each of the metal chelates was run at one session
go that the envirommental influence would be minimized,
Bach run was reccrdéd with a slit width of 1.05 at 1000

et 5, and the maximum transmitbtance was adjusted at
| : . : -1 S
2000 cm ', The scanning speed was 60 cnm per minute

. ~ oy e K <t e % < p— o o 8 e D v
for each spectrume. Slower scanning spocds did not pro-

oy g . [ 1. T QR P T A IRIE 10 MU, FOpEe [
duco any additional regolution of the bands.



CHAPTER III
RESULTS AND CONCLUSIONS

The spectra of the various polyaminocarboxylate
chelates, as well as EDTA and HEDTA, are presenbed in
Figures 2 through 11, Because the bands of interest
are found in the spectral regioﬁ from 1800 cm-l to
13G0 cm_l, only this section has been included, This
region where the metal= carboxylate bond absorbs
contains the absorption shifts indicating the change
from unprotonated to protonated chelates asg the pH is
varieds The spectra of each metal- chelate at various
pH values are plotted on the same graph in order that
the shifts of absgorption bands can be easily secen,

The infrared spectra of EDTA obtained at various
pH values in deuterium oxide solutions (Figure 2 )
show only one band at 1595 cm'l when the pH is 10.l.
When the pH is lowered to 7.0 tﬁo definite bands at
1635 em  and 1590 cm'l appear in equal intensity.

At a pH of 6,9 there is only a shoulder at 1590 cm-l
with the main absorption band at 1635 cm-l. Finally,

-1
at a pH of l1«8 only- one band at 1635 em is recorded.

1o Aama 3 B opier avr vyt wrd ek 1 - . ol S .
Thess gpcctra are in agreement with those reported by
Hakamoto, lorirmoto, and Martell (5).
- A I o Tl R R AT, £ armAl T 4
According to Nakamoto, Morimoto, and Martell,

three carboxyl stretching bands can be distinguisheda
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These bands are referred té thr&ughout this paper in
the following manner: type A-~-~ unionized carboxyl
(QCOOH) band at 1730 - 1700 cm-l, type Be=oC~ammonium

carboxylate (R2N+HCH C00~) band at.1630 - 1620 cm-l,

e
and type C~=ol~amine carboxylate (RZHCHZCOO-) band at
1585 cm_l. The ionization constants of EDTA (HMY) for

each dissociation step are:

pK1 pl\.z phs pnl;
H H V™ —rH 2_--—§ : f.';‘""-——) YLF"

2.00 2,67 616 10,26
I . 3 IXIX

Because only one band, type C, appeared at a
pH of 9.1 - 10,1 where the tetranegative anion is
predominant, Nalzamoto ¢t al concluded that the structure

o

low . .
of YL in aqueous solubtion must be:

T00CHLG CH,C00™
2 \NCHQCHZI/ :

)
e s \ . e
00CH,C” . CH,,C00
i 2
IIx
Two bands, type B and C appear at a pH from 6.9
to 7.8 where the trinegative anion is predominant.

Thorefore, according to Nakamoto st al the structure

;
R L :
of HY in aqueous solution muat be:
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Because only one band, type B, appears at a
pH of 1.8, and beczuse the dincgative enion is
predominant in this pH range, Nakamoto et al
interpreted the structure of H2Y2“ in aqueous
solution to be:
“00CH2C, H H OH,C00”

L p
+NCIL, CH T+
T00CH,0¢ £ ©

NCH,C00”
'y

These conclusions are in agreement with those of
Reilley and Sudmeier (7) based on NMR studiecs,

Similar abgorption shifts arec noted in the IR
spectra of the EDTA chelates of calcium, strontium,
and barium reported in this work in Pigures lL,5, and
6o The magnesiun chelatbe (Figuré 3) shows no shift

in the position of the band as the pH is varieds In

fact, the magnesiwn chelate producecs only one band at

1610 cmul in the pl range from 1.8 to 10.3. This
band eppears in the same region as the type C band
in the unchelated EDTA and is attributed to the
coordination of the. carboxyl group with the metal
ions This type of bond will be refered to as a type

D bande For magnesium the structure would be

LTIl R
R=INCH,COCliz+a
<2
. 2 7 = Y14 o _— < P e . L T R
T & WAS NOo 1naircaviolnl OL ¢ type B band which
S —w - 1 - ey ]
1s expected to appear only when protonation hag occurred

ce to cause the chelate 1o partia

11y
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break apart. DBecause no type B band appeared, it is
concluded that the cyelate’romained unprotonated down
to a pH of L.8. It is interesting to note that when
the pH was lowered past l..8 precipitation occurred,

This precipitant was probably HuEDTA,‘ The precipitation
prevented tho infrared spectra from being recorded at
low pH values.

The infrarcd spectra of Ca=- EDTA (Figure l.) -
shows a dcfinite shift in the pesition of the bands
with o variation in pHe. A type D band (metal- carboxylete
bond) occurs in the pH range from 11.3 to 5,8 at 1600
em™*, This shoulder suggests that protonation ia
occurring. At a pH of 3,0 there is only the band at
1635 om-l; which is type Be This information indicates

that Ca- EDTA remains unprotonated from a pH of 11.3

an

to a pH of approximately lL.5. At a pH of l.5 a structural
change caused by protonation begins to break down the
chelate, and at a pH of 3.0 only uncombined calcium
and EDTA are in solution,

Variation of the pl also produces shifts in the

absorption bands of Sr~ EDTA (Figure 5)., The change

obscrved is very similar to the change in the Ca- EDTA

—
& Yo = - . = o - R T A r"Qr’ A —‘l e
spectra, A band, type D, is recorded at 1595 cm in
% - 3 e 3 ’ T . 3 o o Y11 —:L
the pH range from 1le3.t0 5,9« The band at 1595 cn

ey |
develops a shoulder st 1635 en at a pH of 5.0, This

shouldser suzgests that protonation of the chelate is
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beginning; When the pH is loworod to .0 only one
band, type B, appears at 1635 ecm ~, This information
indicateg that Sr- LDTA is unprotonated from 1l.3 to
5.9« At & pH 6f 5.0 some of the strontiun- carboxylate
bonds are being broken by protonation, ahd at a pH
of LL.0 ths chelate appears to be completely disgsociatbted.

The infrared spectra of Ba- EDTA (Figure 6)
suggests sbtructural changes similar to those observed
for Ca~ [ADTA and Sr- EDTA, A band, type D, is found
at 1590 cm-l in the pH range from 1l.3 to 6.3. AL a
pH of 5.1 a shoulder appears at 1590 cm—l on a new
band centered at 1630 cm-l. At a pH of 3.8 only one

"l i5 observed. These spectral

band, type B, at 1630 cm
shifts indicate that Ba=- HDTA is unprotonated over

the pH range from 1l.3 to 6e3. At a pH of 5.1 the

Qu

Ba=~ EDTA chelate seemas to be largely dissociated, and

aL 8 nh of 3.8 no chelated bariuwm remains in solutione.
3

[}

The appearance of the type B band for the various

chelates suggests a tendency for the metal~ chelate

*
=
i

to become protonated at a higher pH va as one goses

down the alkaline-~ earth series, The first indication

of the type B band appears for calcium at a pH of l.5,

for strontium at & pH of 5,0, and for barium at a pH

£ Z. -5 2 e o T I e 5 o w3 g s 2 * < Py
of 6,2, 1ilo type B band wazs observed for magnesiuii,
T4 3 oo e g N e i) ] RY e doacifon bl ATV T TR T O O 2 L el -~y - 4
LT 18 cassumec LNt The appeardnce ol one Whnite preclple

de gy b - ek =% Y oy s . N1 Ay A ey e 40 e ] £ o~
tate indicabtes that the chelate is protonated at pH
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values lower than io8. This would mean that magnesium
is an exception to the observation stated above,
According to the apparent ease of protonation of the
various cholates, the order of stability is: calcium)
magnesium » strontium » bariuwm, The true ordsr of

stability is caleciwm, log K = 10.6 > magnesium, log

1l

K = 8,7 ) strontium, log K = 8,67 7 barium, log K =

TeT (6)e

A comparison of the position of the type D band
as a function of the ionic radius can also be made.
According to lMorris and Busch the coordinated carboxyl

group absorbs at a higher freguency az the metal-

-

oxygen bond becomes more covalent (3). The position

of the type D band for magnesium is 1610 cm“l, for

. X -1 5
calecium is 1600 em™ ", for sbrontium is 1595 cm 1, and

‘.h

for barium is. 1590 cm—l. These band positions indicate
that the covalent character of the bonding increases
in the order barium < .strontium < calcium <. magnesium,
Therefore, for the EDTA chelates the covalent character
of the bonds is inversely proportional to the lonic
radii of the metal ions,

Sawyer and Paulsen (9) studied the alkaline=
earth chelates of [DTA in the golid state, They dster-
nined the relative covalency of the metal-= carboxylate
the various chelates by noting the pesition

.

. I R : 2 A e 7k sana ¥, PR PR (SSR. ( Y e e s o T
of the type D band., From their siudy, they concludsd
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that the bonds of the magnosium'chelate are stronger
than those of the calcium chelate in the solid states
They thbught that the magnesium chelate was more likely
to be partially hydrated in solution and, thus, have.
weaker bonds than the calcium chelate in solution.
However, the results of this stqdy of these chelates
in aéuoous ﬂolutton suggest that.the HgQ EDTA bonds
are stronger than those of Ca=~ HEDTA even in solution.

The infrared specetra of HEDTA (Figure 7) also
denotes structural changes when the pH is varied., In
_the pH range from 11,1 to 9.5, only one band at 1595
om’t is observeds At a pH of 7.0 two bands at 1635

~1 i -1
cm and 1590 em appear with approximatoly the same

intensity. VWhoen the pH is lowercd to 5.9 there is
-'l s = )
only a shoulder at 1590 em ~— with a strong band at

1635 cm_l. Finally, at a pH of 2.9, a very slight
shoulder at 1705 cm-l and a band of high intensity
at 1635 cmul are observed, These specctra are in
agreement with the work of liakamcto ef al ())

Nakemoto et al interpreted theilr results in the

ization consbtants for HEDTA

®
H
o
o
58
O

following nanner

(H.,X) for esach dissociation step are:

2
2
1 »niK K
pul oSN DA
e 0 3
T ——— ] '_---——-7\ ;7 (—m_ . -,'.-).-
iJ").l\--/ 2 n_l.;i#\. "\ LI.I-. (:—_.: A
o L) - ® B ot
(;@(‘ | ,L)nj?) (70 f/_)’
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Because the type ¢ band is the only band that

appears at a pH of 11,1, and because the trincgative
form is predominant, Nakamoto et al concluded that

the structure for X°— should be:

000iy0L /R0

B V=" " ¥ em

OOCHgC CﬂchEOH
VIT

The bands, type B and type C, are of equal intenzsity

at a pH of 7.0, The predominant specles present is
S Tan
HX™ o Because the bands are of equal strength Nakamote

et al reascned that the structure could be either:

“OO0CH,0C CH,C00"
L, F }%GHZCI-IZ}: S
00, CH,,CH 0

VIa
or

T00CH,Q H GH,C00™
2w o T @

- 2 2 ~ by
OOCH2 Cﬁ CJZOH

2,
Vib

A strong band, type B, with a shoulder at the

position of type C,. appears at a pH of 5,9. At this

pH value the princig&l species prescnt is H X

this evidence Nakamoto et 21 concluded that the

structure ghould be:
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At a pH of 2;9 there is a very slight shoulder
at 1745 cm"l, which suggests that a small amount of
type A bond is forming. The main band is type B.
Because the undisscciated form is predominant in this
pH range, Nekamoto et sl decided that the structure of
H3X in aqueous solution should be:
_CH coo~

+¥CH cH N+ 2

- ~ 2 2 \
OOLHEC 0120H20HA

HOOCE
HQOO
CH 2 ~

Y
The NMR studies of Reilley and Sudmeier (7) support
the argunents above for the structures givene.

Band shifts similar to those observed for the
corresponding EDTA chelates are noted in the spectra
of the chelates of HEDTA with magnesium, calcium,
strontium, and barium.v'The infrared spectra of

Mg~ I

A

EDTA {Figure §) shows a definite shift from a
-1 . . :
band at 1612 ecm =~ when the pH is 1l.1 to a position

-l
of 1635 ecm = when the pH has -been lowered o lL..5e

The pH at which the chelate becomes protonated is
difficult to determine from the spectra. At a pH of

8.0 the band is wide and located at 1615 cm o
o

Decreasing the pH to 5.5 broadens the band until it

-]
. 3 & o p
5

-
1 :
oxtends from 1610 cm  to 1630 em ~o AL a pl of 8.0

- . R i, AL ey e = PRI . S Ze e e s -
one would not expect protonavion To be important;

N S s o i i St i e o '] s L S T L 101 /- > = 3
howsver, because the band is somewhat broad, one might
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speculate that protonation is just beginning and a
type B band is starting to forme. At a pH of 5.5 the
very broad band suggests the prescnce of some type
B band absorption, However, at thié pH protonation
apparently is not sufficient to cause the chelate to
break aparte At a pH of lL.5 the band is sharp and
positioned a2t 1635 cm-l, indicating only a type B band.

Because of precipitation (probably H_HEDTA ), spectra

3
of Mg= HEDTA could not be debtermined below a pH of leDe
The spectra of Ca=- HEDTA (Figure 9) shows

structural changes similar to those observed for MNg-
HAEDTA, In the pH range from 10.6 to 6.2 the band, type
D, is located at 1600 cm”l. At a pH of lL.l, the band
has shifted to a position of 1635 em™t with a shoulder
at 1600 cm'l. T™is shoulder indicates that protonation
has occurred and is causing the chelate teo break apart.‘

At a pH of 2.5 only one band at 1635.cm-l

ig present
suggeating that caleium is no lenger chelated.

Sr- HEIDTA (Figure 10) shows band shifts similar
to those of COa- HEDTA, In the pH range from 1l.l o
beli only one band at 1595 cm =l i35 observed. Uhen
‘the pH is lowered to lL.5 the band shifts to a position

1635 em™t with s definite shoulder at 1595 em —,

Sy~ HEDTA is muech more delfinite than the shoulder at
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1600 cm—l is for Ca=- HIEDTA, When the pH is lowered
to 2.8 only one band at 1635 cm_l is present, At this
pH the strontium is no longer chelated with H.IDTA,

The spectra of Ba- HIDTA (Figure 11) suggest
the same structurazl changes as have been observed for
the other alkaline- carth chelates. 7The band recorded
in the pH range from 1l.2 to 8.1 occcurs at 1590 cm—l.
At a pH of 5.8 the band at 1590 cm ™+ is of the same
intensity, but a shoulder has developed at 1630 cﬁ'l.
This indicates that the major absorptioﬁ at this pH
was caused by a type D band, but, in addition that some
protonation is occurring. IHowever, at a pH of 5.0
the band of major intensity has moved to 1630 cm"l,
aend only'a shoulder remains at 1590 cmhl. At this
pH the type B band is responsible for the major .
portion of the absorption. Therefore, protonation
has begun to occur sufficicntly. to caﬁse some breaking
of the barium- carboxylate bonds. At a pH of 3.0 only
a band at 1635 cm-l is presont; thus barium is no

longer chelated,

The pH at which the c@-sminocarboxylate band,

P

type B, appears in the metal- HEDTA spectra reveals that

the case ef protonation is approximately in the same

o e £ Hon W, L T e O HoTar i TS T i3 £ s e
order aa the true stability of the ehelates. The Lirst
R 5 T 7 T - RN - T R | ~ e A e B <
inaicagvlion 01 wne Type B bsnd appears for calcium

at a pH of 5.0, for magnesium at 5,5, Lfor strontium
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at 5.5, and for barium at 5.8, whereas the values of
log K for ths HEDTA chelates are: calcimm, 8.0;
magnesium, 7.0; strontium, 6.,8; and barium, 6.2 (6);
Although the appearance of the type B band occurs
at the same pH for magnesium and strontium, it is
believed that a more careful study would indicate a
difference, However, because the log K values are
very close togother fpr these two chelates, it is
not surprising that protonation begins at nearly the
same pH valuo,

A comparison of the position of the type D band

(metal= carboxylate bond) as a function of the ionic

radius is also interesting. he position of the type
D bond for magnesiuwm is 1612 em™, for caleium ig 1400

om"l, for strontium is 1595 cm-l, and for barium is 15
cmhl. According to Morris and Busch (3) the coordinated
carboxyl group absorbs at a higher frequency as the
metal— oxygen bond becomes more covalent. Thus, the
covalent character of the bonding increases in the order
bariun { strontium ¢ calcium < magnesium and ig
inversely proport 10q&l to the ionic radii of the metal

ionse OSimilar behavior was noted previously for the

e 43 TR e L TTYNINT A 2 o O TS -~ PO (T, o g
In an Lnves 1/.LL_'_.»:.L.L’,‘Q of IuDTA in ‘-,A’;(e_.’,;(‘,‘l,?_,) * '._;j.-..w'«n

n . v o 1.7y 1 e 4= - . : - S e
by Walkamoto, Morimoto, and larteli (5), some new bands

-1

1200 cm — = 800 em”— regieon at high

L

appeared in the
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pH values. Two of the bands ( at 1140 em™t and 10l
cm"1 ) -occurred at a pH of 9,0 and above and were
ascribed to the :NCHZVHZOL group as a whole, Iliakamoto
et al conéiuded that the new bands appeared because of
the loss of the positive charge of the nitrogcn rather
than because of the ionization of the hydroxyethyl
hydrozen, A'carcful study of the metal~ chelates

in the spectral region from 1250 cm—l to 600 cm"l
showed no change in the absorption bands as the pH
was varied. This region was run at maximum path
length to attain the highest intensity possible, Two
small bands were present == one at 1125 cm'l and the
other at 1060 cm-l o However, these bands did not

‘11

] i e i A P o, R E
change within the pH range from 245 to

- ~ - = 4= 2

il,2, suggesting

no evidence for the bonding of the hydroxyethyl group.
From their study of the heats and entropies of

formation of metal- chelates of HEDTA and EDTA, Wright,

iolloway, and Reilley (13) concluded that although

the HEDTA reactions are more exthormic by more than

2 Kcal per mole, it seems unlikely that this is

because there are gtronger bonds between the hydroiy-

ethyl group and the metal ion than between the

carboxylate group and the metal ion, A more reagonable

,-,

ey v £
explanstion fc iy

L, Pt I I I 3 I -
his exothermic effect ig the lack of

)

r 1

~.l

. . 1 ; B S eva TR BarAm A =Ty en basred 7|
strain in the chelate rings because the hydroxyethyl

group is not bonded to the metal ion, allowing the

>
-
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other donor groups to be bonded. stronger than in the
metal-~ HEDTA chelates, If HEDTA fomas only three bonds
with the alkaline-~ earth chelates (the basic nitrogen
atoms are not thought to enter into bonding), one
would expect the moetal- chelates to be easier to break
up by protonation.than the corresponding EDTA chelates,

An estimate of the ionic character of the alkaline

arbh- carboxylate bonds can be made by comparing the
positions of the absorption bands %o thqt of a covalent
netal= carboxylate band, llorris and Busch (3) reported
the position of this band for Co- HEDTA in the solid
state to be 1650 cm~t, The absorption bands are located
for Ba= £DTA and Ba- HEDTA at 1590 cm"l, for Sp- IDTA
and Sr~ HEDTA at 1595 cm”l, for Ca~ EDTA and Ca=- HEDTA
at 1600 cm—l, for Mg~ EDTA at 1610 cm —, and for
Mg- HEDTA at 1612 cm"l. Thus, the ionic character for

the alkalina— earth chelates of both EDTA and HEDT

2

secems to be relhtlvcly large and increases in the order:
magnesiun £ caleium & strontium < barium,

There are certain limitations inherent in the

uge of infrared dhulysis which hinder the detection
of the bonding of the hydroxyethyl group. 3Specifically,

infrared absorption depends only on the bond strength
and does not directly indicate rin

Y. SR Ve ol B e e e yen o ] e g B S o of -
conformations. The struebtural arranccement of a

chelate contributes greatly to its stability. A method
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such as nuclear magnetic resonance which depends on

the effect of the position of the atoms within the
molecule could determine the difference in stability
caused by a structural change. Thorefore, ﬁuclear
magnetiec resonance should yield additional information,
and when coupled with ini‘rared gpectroscopy would lead

to a more thorough knowledge of the process of chelation.
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