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Abstract - We present a diagnostic strategy that joins in one pot the points of interest of segment
chromatography detachment and Nmr struc-tural dissection. The partition of the Nmr spectra of the
compo-nents of a mixture could be accomplished as per their clear diffusion rates [james, T. L.
furthermore Mcdonald, G. G. (1973) J. Magn. Reson. 58, 58-61]. We indicate that the partition of the ghastly
parts, relating to single sub-atomic species, might be upgraded by request of sizes upon expansion of an
ordinary stationary phase utilized within Hplc. The solid phase soaked up by the mixture for dissection is
a heterogeneous troupe, for the purpose that solid-state Nmr systems (towering determination mystery
point turning) are fundamental to recuperate towering determination spectra. We show provisions of this
blend of heightened determination mystery edge turning and Nmr diffusometry on test mixtures for
straight (silica gel) and opposite (C18) segments. Be that as it may, numerous normal chro-matographic
underpins accessible for Hplc ought to be promptly adapt-able for utilization with this method.
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INTRODUCTION

The test in the investigation of complex mixtures is 2-
fold: to accomplish a viable detachment of the
segments and give a fitting structural characterization
for each of them. The normal result is hyphenation,
which is a successive consolidation of chromatography
and spectroscopic investigation for example mass or
UV spectrometry. Since NMR is frequently the device of
decision for exact structural characterizations of natural
mole-cules, an exertion has been finished to present
NMR as a locator in hyphenated strategies (1). An
elective result for the NMR characterization of mixture
parts misuses the be-havior of the NMR indicator of an
atom diffusing in an inho-mogeneous attractive field.
Thus, the recurrence of the watched target comes to be
time needy, with ensuing widening of the thunder line
(2). The clear diffusion rate partnered to an atomic
thunder might be evaluated by per-forming an
arrangement of analyses shifting the plentifulness of the
inhomogeneous field and modifying the comparing rot
bend of the indicator adequacy. Diffusion-requested
spectroscopy (DOSY) (3) is an especially helpful
method of showing this informative data, formed in a
bidimensional show with the NMR range on one
measurement and the obvious diffusion rate on the
other one. As an insurance perspective, the DOSY
showcase decom-poses the generally speaking NMR
range of a mixture into those of its parts if these recent
hold diverse sub-atomic portability, without past
accumulation of divide divisions (4-7). In optimal
conditions, the diffusion investigation is fit for re=solving

commitments from atoms whose diffusion coeffi-cients
vary just by a couple of percent (8). In instances of
genuine sign covering, different techniques for
preparing diffusion information accomplish better
ghastly division (9-11). We exhibit here an
investigative method that benefits from this thought,
however in which the sepa-ration lands of the NMR
strategy are upgraded by expansion of a solid phase,
a commonplace stationary phase material utilized for
chromatographic sections. In fluid phase
chromatography, the translational velocities of the
parts of a mixture are specifically adjusted by
communication with the stationary phase, to gather
them independently at the outlet of a detachment
section.

The viable diffusion rate of every particle in this
condition may contrast intensely from its result
esteem. Actually, the versatility of atoms is modified if
a harmony exists between a free and a complexed
structure. Assuming that the unpredictable is in the
quick trade restrict on the NMR time scale, a normal
diffusion rate is watched, weighed over the populaces
of the free and bound species (12). This property
constitutes the foundation of liking NMR (13), which
tests tying natural inclination of ligands to pertinent
receptor particles (14). also has additionally been
utilized to study peptide-micelle affiliation (15). what's
more screen new potential chromatographic materials
(16). Surely, improved determination in DOSY spectra
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was accomplished by expansion of micelles, on
account of hydrophobic communications (17).

We imitated a model chromatographic segment in a
stan-dard example holder for solid-state NMR (a
zirconia round and hollow rotor). The spatial variety of
the attractive weakness caused by the heterogeneous
structure of the liquid/solid blend brings about wide
indicates and a vast misfortune of determination, in
view of variety of the weakness and remaining solid-
state impacts. Towering determination mystery plot
turning (HRMAS) NMR has been planned to recuperate
generally determined spectra for comparative cases
(18-21), and quite as of late it was connected with the
investigation of chromato-realistic phases (22). In this
study, HRMAS coupled with diffusion-based NMR
systems (23-26) on a mixture in the vicinity of a silica
gel was utilized to realize overall divided and
heightened determination spectra for the single
segments.

METHODOLOGY

All NMR experiments were performed on a Bruker
(Wissem- bourg, France) Avance spectrometer
operating at 400 MHz and equipped with an HRMAS
probe head capable of producing z gradients with a
strength of 53 G-cm™. HRMAS NMR spectra were
recorded at a spinning rate of 4 kHz at 300 K. Four-
millimeter ZrO, rotors with detection volumes of 12 and
50 were used for HRMAS 'H and HRMAS DOSY
experiments, respectively. In HRMAS H experiments,
the spectral width was typically 4,000 Hz, and the free
induction decay contained 8-16 K data points. The 90°
pulse duration was 5.2 45

Sample Preparation. Typically, 10 of a model mixture
was added to a 4-mm ZrO, rotor containing 50 mg of a
specific chromato- graphic stationary phase. Roughly
half of the stationary phase was placed in the rotor, and
then the mixture was added with a syringe and the rotor
was filled with the remaining part of the silica gel.

Sample I. The mixture for analysis was 5 fl of ethanol, 3
mg of naphthalene, and 10 #! of dec-1-ene dissolved in

100#lof deuterated ethanol-d6. The stationary phase
was a functional- ized silica gel (C18 Chromabond,
Macherey & Nagel).

Sample Il. The mixture for analysis was 5 fl of heptane,
5 plof ethanol, and 5 mg of 3,5-dichlorophenol
dissolved in 100! of Diffusion Experiments.

Chromatographic Immobile Phases
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Fig. : 'H NMR spectra at 400 MHz of sample Il (see
text) in the presence of a silica gel. (Upper) Solution-
state  NMR. (Lower) HRMAS NMR. deuterated
cyclohexane-di2. The stationary phase was a silica
gel (230-400 mesh, Macherey & Nagel).

In a diffusion experiment, a series of pulsed-field
gradient spin-echo spectra are recorded with incre-
mented values of the gradient strength. In the
simplest cases, the intensity of each resonance signal
in the spectrum decays exponentially with the square
of the gradient amplitude, g, and the diffusion
time, & according to the equation:

I = Iyexp — D(yg8)*(A — &(3)),
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Fig. : (A) DOSY spectrum of sample | (5#of ethanol, 3
mg of naphthalene, and 10~lof dec-1-ene, dissolved in
100+of deuterated ethanol-dg). (B) HRMAS-DOSY
spectrum of 20~lof the same mixture as in A, but in
the presence of 50 mg of a functionalized silica gel
(C18 Chromabond, Macherey & Nagel). The peaks
marked by * correspond to a water impurity. (C)
DOSY spectrum of sample Il (5#lof heptane, 5nlof
ethanol, and 5 mg of 3,5-dichlorophenol dissolved in
100+of deuterated cyclohexane-d;;). (D) HRMAS-
DOSY spectrum of 12¢lof the same mixture as in C,
but in the presence of 50 mg of a silica gel (230-400
mesh, Macherey & Nagel).
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where |y is the resonance intensity at zero gradient
strength, D is the diffusion coefficient in the direction of
the gradient, Yis the gyromagnetic ratio of the observed
nucleus,dis the duration of the gradient pulses,
and €(3)is a correction factor that depends on both dand
the pulse sequence used.

The diffusion examinations were performed by utilizing
a stimu-lated-reverberation arrangement joining bipolar
inclination beats and a longitudinal whirlpool current
delay (27). The angle quality was augmented in 16
steps from 2% to 95% of the greatest slope quality in a
generally customized scheme, which was improved to
attain a 95% decline in the thunder power at the biggest
slope amplitudes for the greater part of the mixture
parts. Diffusion times and angle beat length of time
were advanced for every examination; ordinarily,
diffusion times between 100 and 700 ms and bipolar
inclination beats between 1.0 and 2.0 ms were utilized.
For the molecule size we utilized (37 / m, 400 lattice),
this setup sureties viable recompense of inner slopes
by the bipolar pulsesfor diffusion constants in our reach

of measures (P is =107° m*/s or 1 um/mg copartnered to

a rms dislodging of 2 #™M for an inclination beat of 2
ms). The longitudinal whirlpool current postponement
was expected steady to remember 5 ms in all tests
although the angle beat recuperation time was set to
100#5- For Fourier change and standard redress, the
diffusion extent was prepared by method of the Dosy
alternatives of the Bruker Xwinnmr programming bundle
(form 3.0).

RESULTS AND DISCUSSION

Fig. shows a connection of the Nmr range of specimen
li (portrayed above), blended with a silica gel. Hrmas is
fundamental to recoup a determination of sufficient
quality for characterization of the atomic structure,
granted that the signs remain broader than in the
immaculate result. Fig. shows the impact on sub-atomic
portability upon presentation of a chromatographic
segment material, expanding the determining power in
the Dosy showcase. A converse phase (C18) was tried
in Fig. A and B. The mixture for examination comprised
of naphthalene, ethanol, and heptane, broke up in
ethanol-d6. The impact of the expansion of the solid
phase on the variety of portability is obviously, the
particles being "deferred" concerning the result state
Dosy in the same request as they might be in the
relating chromatographic segment. The speediest part
is polar etha-nol, inasmuch as the slowest one is
naphthalene, which is known to have towering partiality
for C18 sections. All atomic commitments seem to
cover in the result spectra, while they expect up to just
about 2 requests of extent contrast in the evident
diffusion rate upon expansion of the segment material.
In a second case, we utilized a silica gel and a test
mixture of atoms with distinctive proclivity for the silica:
heptane, ethanol, and 3,5-dichlorophenol, disintegrated

in perdeuterated cyclohexane. In chromatographic
conditions, the polar parts are de-layed. The most
polar intensify, 3,5-dichlorophenol, which might turn out
toward the end in the relating Hplc investigation, is the
most postponed. Ethanol accepts a middle quality,
although the heptane does not indicate any noteworthy
variety of its evident diffusion rate concerning the
unadulterated mixture. For both stationary phases,
stand out crest might be watched in the diffusion size
for every particle, which is the signature of quick trade.
No indicators going out from segment protons are
watched, on account of a mixture of otherworldly
altering and handling, which cuts off moderate diffusing
qualities.

CONCLUSION

In decision, we have showed a technique for
examination of mixtures that fuses the points of
interest of segment fluid chromatography with Nmr
discovery. The impact of station-ary phases on
mixture of natural mixes might be emulated by Nmr,
furnished elevated determination Dosy spectra could
be realized. Granted that its constraints as far as
determination in both the Nmr and diffusion size stays
to be surveyed, this Hrmas-Dosy technique could
benefit from the greater part of the ability devel-oped
for Hplc. Additionally, the system could be utilized to
accept and explore new chromatographic setups and,
all in all, to addition knowledge into the entire
procedure of maintenance in Hplc.
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