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= Synthesis

= XRD characterization

= First NMR characterization
= Solvent exchange

= Functionalization

= NMR assignments



Synthesis

= Hybrid materials
= Bottom-up approach (NBU/SBU)
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Synthesis

= Rich and versatile Ti chemistry
= Sol-gel route, soft conditions

= In situ water generation :
- Ti(OR), + RCOOH — Ti(OR),(OOCR') + ROH

. ROH + RCOOH — RCOOR

= Hydrolysis : H,O + Ti(OR), — Ti(OR),(OH) + ROH

= Condensation :
= Ti-OH + RO-Ti — Ti-O-Ti + ROH
= TI-OH + HO-Ti — Ti-O-Ti + HZO

= Low stability of alkoxo ligands Ti(OR),



Synthesis

= Ti(O'Pr) + PhCOOH (excess)
= 5 days at 105°C (solvothermal) >
= Ti,0,(0O0CPh),  -(PhCOOH),-H,O

= Crystalline pure oxo-carboxo cluster

= Needles
= Stable




Characterizations

= XRD:

= 8-member ring vertex shared TiO_ octahedra

= Bridging bidentate benzoates

= Body centered tetragonal with central ring inversed
= No pi-stacking

Internal diameter : 9 A
External diameter : 20 A




Characterizations

= XRD:

= 3 types of carboxy groups :
= Equatorial (4+4)
= Axial (4+4)
= Trapoed (1-+1)

= Different thermal agitations

Aromatic ring Ued (*102 A?) Occupancy

= Difficulties to solve the structure : single crystal,
150 K, disorder



Characterizations

= 13C solid state NMR: .
_ benzoic
= Quick, Tamb acid
- - : linked ti
3 Carboxy : Ceq’ Cax’ C‘free carboxylates aromatics
. deshielded
= Ratio 4/4/1
n I trapped
Different 6 compared benpee acid
to pure benzoic acid shielded
= Deshielded ones: 1
= linked to the Ti D A S —
= 2 line widths 7 T, MAS 14 kHz, rotor 4 mm, hpdec 90° 30 s
- C177 > C175



Trapping inside the pores

Trapped

| n d uce d 7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 i
) P R i
)’ magnetic field Trapped
| I ([ S S N — Acetonitrile |
~ NCCH
. Shielded - L

region

(-6 ppm for
benzoic
acid)
Only upper axial groups are represented .~ e o o
Acetonitrile, > Benzoic acid Target molecule
diethyl ether...
\
Storage
& release

ji—— =

Easy characterization of the
trapped molecules by NMR



Ligand exchange

Linked carboxylates:  Aromatic Acetic acid
Acetlates Benlzoates carbons alkyl carbons

= To have new
functionalities

= Structure is kept with
acetate ligand

= Selectively
functionalize axial or
equatorial ?

= Need to assign
carboxylate peaks

Controlled radical >
polymerization




NMR assignments

“C T, measurement
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NMR assignments

13C IRCP measurement

= Tcp - time to inverse the H || CP |IRCP|Dec
. v
magnetization
3C CP |IRCP
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NMR assignments

= 2D HETCOR: 7T MAS 14 kHz, rotor 4 mm, t, =2 ms, 512 scans, 122 slices
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= 'H Broadening sources :
- 'H: Dy, > A8 > T,, 68A (MAS), B, (nat. ab.)



NMR assignments

= 2D HETCOR:

Carboxy T,” (ms) T)(ms) | T

rep (MS) | AS('H) | Attribution
(ppm)

2

= How can we explain the contradiction ?

= Different local field fluctuations between axial
and equatorial carboxylates ? B®



Conclusion

= High complementarity of XRD and NMR :

b

= XRD — structure at low T, disorder \ a
- NMR — Tamb, exchanges o

= Axial and equatorial benzoates with different
dynamics |

T2'

= Different local field fluctuations ?




Further work

- T,.("H)yand T, (™C)
« T("H) via °C
« Check that H width is D, . and not distribution

= Spectral edition : only axial or equatorial benzoates
= MOF (collaboration with UVSQ) — PhD

= Ti8 + terephtalic acid — MIL125

MIL125
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Relaxation

= Directed by local field fluctuation

2T
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Similar with T1p and

175ppm:  B% |, Dy, 1, Hwidth 1 OK | Equatorial position
B .|, T,)1 OK - (lowest thermal
B2, L Ty by T 1 OK  agitation by XRD)

J. Keeler, Understanding NMR spectroscopy, 2005, p260-261



