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1. Introduction
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1/ Context

- MOF = metal comy
+ Metal ions + organic linker

+ Porous structure

+ Hexanal can be encapsuiated (antimicrobia)

+ Implementing encapsulated MOF into packaging
+ Increase shelffe of packaged foods.

+ a: encapsuation

+ b: membranes for controled gas release

- d:sorbent

Figure 1: potential MOF appications

1/ Problem statement/ Research question

Problem statement

+ Tradiional synthes's takes up 10 3 days

+ Novel method = mechano-chemical syrihesis

+ Mechano-chemical synthesis only takes 2 minutes
+ Hexanal is highly volatie

+ MOF are usual syrthesized using transition metals and
based organic inkers

Calon
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4 Symthesis Crystal growih
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Research question
+Gan hexanal be encapsulted in Calclam based squaric

acid metal organic frameworks 1o increase the shel Ife of
freshfood producis’

Squaric acid Crystal latice

Figure 2: formation of UTSA-280 MOFs.

Extended erystal sructure
TSA2
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1/ Research objectives

1.Synthesize Calcium-Based MOFs: Achieve the rapid
synthesis of calcium-based squared acid metak-organic
frameworks (UTSA-280) within a matter of minues.

2. Activate UTSA-280: Develop and implement a method for
the effecive activation of UTSA-280 MOFs.

3. Characterize Pre-Encapsulation: Conduct a
comprehensive characterization of UTSA-280 MOFs prior to
encapsulation o assess their niial properties.

4. Characterize Post-Encapsulation: Perform detailed
characterization of UTSA-280 MOFs after encapsuiation o
evaluate changes in their properties.

5. Quantify Hoxanal Encapsulation: Accurately determine oy

the iy ofhexarl scapeulisd it e UTSA-250 Figuro 5: MOF powdr aftr symhesis and curing veshing

2. Materials and method
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2/ X-ray diffraction
S cavpowy

+ Definition: Non-desiructive techrique for determining the.
structure of solld materials.

" Identifies amorphous or crystaline structures
+ Analyse phase composition, structure, and texure.

+ Comparison: XRD patierns compared to reference
samples, akin o identfying a fingerprit,

« Principle:
+ Aloms' requiar arrangement causes X-rays (o scatter
and consirucively interfere at specific angles.
- Braggs law explains difiraction and inferference as
reflections at the crystalatice's atomic pianss.

Figure 5: RIGAKU XRD machine

2/ Fourier transform infrared spectroscopy

Definition: Measures absorption and emission specira in
the infrared region.

urpose: Determines how effectively a sample absorbs
ight at diferent wavelengihs.

Molecular dentification
" Unique specta for dfferent molecular structures.
+ Identiies specific bond types (e.g., N-H, C-H, O-H)
by their infrared absorpton.

Application: Distinguishes substances and provides
molecuar structural nformation

iapri
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Figure & I racle 10 FTIR machine
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2/ Synthesis, activation and encapsulation =
% CALPOLY
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2/ Thermogravimetric analysis =
% CALPOLY

Definition: Analyses materials by monitoring mass
changes under controlled temperature changes.

Process: Measures weight changes of a sample as tis
heated of cooled i  furnace.

Application:
Determine thermal stabiity
+ Measure decomposition T
+ Evaluate temperature-dependent properties

Figure 7: TGA Q50
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2/ Synthesis, activation and encapsulation

112¢Ca0
2281 g sqauric acid
18 m distilled water
—

Oven
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3. Results and discussion

iapri4® ITENE (305

[
2/ Scanning electron microscopy
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- Definition: Uses an electron beam witin a high-energy
(100-30,000 eloctron vols) to produce detailed
images of a specimen.

+ Process:

- Electron beam emited from a thermal source.
‘SEM lenses focus the beam onfo the specimen.
+ Electron beam scans the specimen n a raster

.
+ Electron detector collects emitied signals, inchuding
econdary electrons (S.E.) and backscatiered

electrons (BSE).

+ High Voltage Mode:
+ Higher voltages penetrate desper into the sample.

- Magnification:
- Achieves magrification beyond 10,000x for detailed
examination.

Figure 0 Miracle 10 SEM
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2/ Differential scanning calorimetry 5
= CALPOLY

- Definition: Measures thermal progerties by montoring

heat low nto o out of a sample
* Function: Detects guest molecules, like hydrocarbon

gases, inpores.
- Capabilty: Determines thermal propertes, such as te.

meling point (Tm) of mpurte.
-+ Application:Conducied afer encapsulting hexanal o

anayse the thermal properties in UTSA-280 pores

Figure 9 DSC Q000
fopri
3/ synthesis B

Light grey powder
UTSA-280 MOF crystals

Molectiar structure:

ok,

Figure 10: UTSA-280 MOF powder after activation

iopri
3/ XRD - crystal analysis
& caLpowy

+ Strong XRD patterns indicate high crystalinity UTSA 200 Reference.

UTSA 280 after actvation

+ Similr peaks in simuisted and synthesized siructures -~ UTSA280 afer encapsulation
confirm success. A

+ Crystal structure remains unchanged post-encapsulation

b

+ Comparison wih reference data confirms simirity

intensity

+ Peak ratios match, indicating preserved integrity and E
composition Tp——.

1
51015 20 25 30 35
o0 ()

Figure 11: XRD results




IAPRI World Packaging, Valencia

fopri
3/ FTIR - confirming reaction =
% CALPOLY
+ ek around 3500.3000 et
=7 0"H bonds (o oxcess water) e
* Mopibaa
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Figure 1: FTIR resus beforactvation
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3/ TGA - Validating encapsulation =
% CALPOLY
After activation
* Encapsulated MOF UTSA-280 After encapsulation
*Weignttrop at 100°C
* Pure hexanal 100 : "
- Weightdrop at 70°C
2 8
- Hexanal successfuly 2
encapsuated £
"I e i
~20% successtuly
encapsuiated "
+ Weight drop above 392°C
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Figure 14: TGA resuls before and after encapsuiation
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3/ FTIR - confirming encapsulation =

% CALPOLY
- Peskaround 3500-3000 i~
o bons rom eess = =
‘water) == after encapsulation
* Peak around 1660 cm™! [o———
S vonds
+ Peak around 1400 cm™" \ s
s |
- Squari acid
N coumama |
- Hoxanat v
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Figure 12:FTIR data ofpure hexanal and UTSA-280 MOFs
before and aftr encapsuaton
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3/ DSC - Comfirming encapsulation =
% CALPOLY
- Pure hoxaral evaporaton
peak 40 = [ [omasser]

+ After encapsuation
+ Paak batween 100-150°C

+ Encapsuiation successful
+ Big temperature difference

Flow (mw)

+ After encapsuation
+ Peakat £ 200°C
+ Hexanal coordinated with
Ca2+ ions

+ Aftor activation
+ Peak between 100-170°C
+Strong secondary bound

Ater encapsulaion
22 Aer actation

] 50 00 0 200

perature (°C)

Figure 15: DSC resuls of pure hexanal and UTSA-280
before and after encapsulation

3/ TGA - Validating acvtivation =
% CALPOLY
- Weightdrop at 100°C e

Water evaporation Aver activation

+ Weight drop at 250°C 100
H20 coordnated with Ca2+

+ Weight drop above 392°C
+ Framework breakdown

Weight (%)
2

+ Comparable with lterature
+ Thermal stable crystals are 40
formed
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Figure 13: TGA resuls before and after activation
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3/ SEM - Comfirming crystal formation

S cavpowy

+ SEM pictures of UTSA-280 post-
encapsuation confirmed XRD
findings

- SEM images valdated crystal
presence and morphology:

+ High-resoluton SEM images
ta, confirming
erystal integriy

Figure 16: SEM images after encapsuiation
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’ 4. Conclusion
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%/ Conclusion

+ Structural Integrity:

encapsulation

+ Chemical Confirmation

fopri
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e powcer
post-

encapsulation.

+ Therma stabilty:

weight
hexanal,
+ Encapsulation Success:
+ DSCevidenced temperature,

Storage, and drug delery.
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Questions?
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4/ Conclusion - future work

velopment
o of UTSA-280 MOFs applications in food packaging
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