
INL is a U.S. Department of Energy National Laboratory operated by Battelle Energy Alliance, LLC

INL/CON-22-67477-Revision-0

Selective Detection of
Diglycolamide Diastereomers
By Metal-Ligand Cluster
Formation

June 2022

Christopher A Zarzana, Makayla R. Baxter, Brittany D Hodges



DISCLAIMER

This information was prepared as an account of work sponsored by an
agency of the U.S. Government. Neither the U.S. Government nor any
agency thereof, nor any of their employees, makes any warranty, expressed
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness, of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately
owned rights. References herein to any specific commercial product,
process, or service by trade name, trade mark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the U.S. Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect
those of the U.S. Government or any agency thereof.



INL/CON-22-67477-Revision-0

Selective Detection of Diglycolamide Diastereomers
By Metal-Ligand Cluster Formation

Christopher A Zarzana, Makayla R. Baxter, Brittany D Hodges

June 2022

Idaho National Laboratory
Idaho Falls, Idaho 83415

http://www.inl.gov

Prepared for the
U.S. Department of Energy

Under DOE Idaho Operations Office
Contract DE-AC07-05ID14517



www.inl.gov

600 700 800 900 1000 1100 1200 1300 1400 1500

0

20

40

60

80

100

R
e

la
ti
v
e

 I
n

te
n

s
it
y
 (

%
)

m/z

[mTDDGA+H]+

m/z=721.7

[mTDDGA+Na]+

m/z=743.7

[(mTDDGA)2+Na]+

m/z=1465.4

[Sm(mTDDGA)3]
3+

m/z=772.0

[Sm(mTDDGA)4]
3+

m/z=1012.3
[Sm(mTDDGA)3(NO3)]

2+

m/z=1189.0

{

{

{

[Sm(mTDDGA)3]
3+

768 769 770 771 772 773 774
0

50

100

600 700 800 900 1000 1100 1200 1300 1400 1500

0

20

40

60

80

100

R
e

la
ti
v
e
 I
n
te

n
s
it
y
 (

%
)

m/z

[mTDDGA+H]+

m/z=721.7

[mTDDGA+Na]+

m/z=743.7

[mTDDGA)2+Na]+

m/z=1465.4

Selective Detection of Diglycolamide Diastereomers By 

Metal-Ligand Cluster Formation
Christopher A. Zarzana, Makayla R. Baxter, Brittany D. M. Hodges

Impact 
• Stereoisomers can be differentiated in the gas phase

by exploitation of differences in metal complexation

chemistry.

Approach 
• Spray solutions of (S,R)-mTDDGA and (S,S)-

mTDDGA mixed with europium (Eu) or samarium

(Sm) using electrospray into a Bruker micrOTOF-Q II

quadrupole time-of-flight mass spectrometer. Species

identification is performed using formulas derived

from accurate mass measurements.

Background
• Recent investigations of the solvent extraction

behavior of diastereomers of diglycolamide (DGA)

molecules show different stereoisomers can have

significantly different lanthanide extraction

efficiencies. These studies showed that the (R,S)

stereoisomer of 2,2'-oxybis(N,N-

dioctylpropanamide (mTDDGA) efficiently extracts

lanthanides, while the (S,S) stereoisomer does not.

Thus, gas-phase metal complexation provides a

pathway for differentiating these species using

mass spectrometry.
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Results

• Electrospray of solutions containing 6 µM Eu or Sm nitrate with 3 µM (R,S)-mTDDGA produced an abundant cluster ion with

an isotopic envelope centered at approximately m/z=772, corresponding to [Eu(R,S-mTDDGA)3]
3+ and [Sm(R,S-

mTDDGA)3]
3+.

• Electrospray of solutions with (S,S)-mTDDGA did not produce any lanthanide-DGA clusters.

• This mirrors the solution-phase behavior, where the (S,S) diastereomer extracts lanthanides with significantly less efficiency

than the (R,S) diastereomer.

Eu(NO3)3/(R,S)-mTDDGA Eu(NO3)3/(S,S)-mTDDGA

Sm(NO3)3/(R,S)-mTDDGA Sm(NO3)3/(S,S)-mTDDGA

Conclusions:
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