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Part I:
Synthesis

AN N NI NN

Biorenewable

Biodegradable
Cost effective

Environmentally friendly

Large surface area (>100 m?/g)

i
%

i l‘

Microfibrils 28
. >
Microfibrillated cellulose

Cellulose fibre >

(1) Crystallites, (2) Amorphous region, (3) Cluster,
{4} Inter-fibrilar molecular tie, (5) Void

Conventional nanocelluloses

Maximum theoretical charge content ~ 1.4 mmol/g.

Kontturi et al., Advanced Materials, 30:1703779, 2018.
Dufresene, Materials Today, 16:220, 2017.

Habibi et al., Journal of Materials Chemistry, 18:5002, 2008.
Malainine et al., Carbohydrate Polymers, 51:77, 2003.

Yang et al., Cellulose, 20:1865, 2013.






HCNC synthesis

ih

a (mS em™1)

F—
Viaon ~ 11.95ml

n

0 . . . . .
0 10 20 30 40 50 60

V' (L)
COOH concentration =

0.01195 (Vy,0n) X 10 MM
(NaOH concentration) /0.02 g
(initial ENCC) ~ 5.98 mmol/g

15.0 nm

0.0 . 2.5 m'
Yang et al., Langmuir, 28:7834, 2012.

Nanofibril Dialdehyde modified nanofibril

Sheikhi and van de Ven, Current Opinion in Colloid & Interface Science, 29:21, 2017.
Sheikhi et al., Journal of Visualized Experiments: JoVE, 113 e54133, 2016. 6



HCNC synthesis

Preparing partially oxidized fibers

Preparing electrosterically stabilized nanocrystalline celluloses (ENCC)



Universality of HCNC synthesis

(a) Electrosterically stabilized
nanocrystalline cellulose

Dicarboxylated
cellulose

o . Cellulose
oe\\"‘ ~ \ (Crystalline and amorphous)
# 1 HO HO
Cloz Solublllzed biopolymers /@o%i?}‘o&z- oH

OH HO o) OH
ofl—o
OH
oce//u b
Osig Microproducts o o
‘ Hemicellulose

(Amorphous)
Cellulose Dialdehyde Ho

nanofibril modified cellulose

(b)

Blopolymerlc OH
nanoparticles OH OH

s e 0 S,
Softwood kraft pulp ~va Whatman™ grade °J©'f°§ o e
Cellulose (~87%) - 1 filter paper o070 Lo
Cellulose (~98%) ignin
(Amorphous)

COOH OH COOH OH
Tomato peel 040

- @ @0\@\ @0
Cellulose (~20%) 0 Yo 0" =0

OH COOCH; OH

Pectin
(Semi-crystalline)

& Corncob
Cellulose (~30-40%)

Lignin (~10-15%) Lignin (~15-25%)

Pectin (~10%)

Pitcher and Sheikhi et al., Chemical Engineering Journal, 447:137418, 2022.
Provisional Patent Application filed.
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Universality of HCNC synthesis: Periodate reaction

(a) (b)

A A A
Soak in H,0 Nal04, NaCl NH,OH-HCI NaOH
— T — —_— _—
24h 42h rt. ____ApH=35 [ -

Lignocellulosic Dialdehyde modified
source products

Mo O ic;\} é_%/l—y\ 0 )\HCI H,0 %)T//—y\ 0 )\HO NaCl
= -0 o © ot +H, o-| +H,0 + Na
S | [ ol

OH OH OH OH

(d)
ﬁ 12 LL]
Aldehyde content = 7.10 mmol/g = ey

1 g 10 - s R

E 8 - e
q bt

c
_ 2 6 -
| c

g 4
1 S
_ E 2 _ '

1]
) S

68.2 mL <
0 15 30 45 60 75 * ‘i o b
NaOH volume (mL) Lignocellulosic source

Pitcher and Sheikhi et al., Chemical Engineering Journal, 447:137418 (2022).
Provisional Patent Application filed.



Universality of HCNC synthesis: Chlorite reaction

PEEE NN I B IS IS S S S S S S S S S S S - I r ______________________
I(a) o 2 OH 00’:@ OH T (C) (d)
0 o] G107 o;"" 0] +HCI +H,0
| OH 0 o OH oo " EtOH NaOH
I DAMC Dicarboxylated cellulose 1
I -
1 (b) . |
| —- —)- —
NaClOy, H,0p I .-; , “
I =
12h rt. 11 Mixture of Centrifuge 8000xg
carboxylated Carboxylated
Dialdehyde modified Mixture of carboxylated | | products product
products products 11
T (e) Biopolymeric Solubilized
I Microproducts nanoparticles biopolymers

L& |8

Pitcher and Sheikhi et al., Chemical Engineering Journal, 447:137418, 2022.
Provisional Patent Application filed.




Universality of HCNC synthesis: Characterization

(a)

(c)

Weight of precipitates (g)
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Conductivity (mS/cm)
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56.07% yield 6.53% yield
ENCC DCC
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Ethanol concentration (weight % of
original suspension)

o

150

Carboxylate content = 4.64 mmol/g

0 10 20 30 40
NaOH volume (mL)

Pitcher and Sheikhi et al., Chemical Engineering Journal, 447:137418, 2022.
Provisional Patent Application filed.
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Lignocellulosic source
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Universality of HCNC synthesis: Characterization

(a)

Biopolymeric
nanoparticles

(b)

Lignocellulosic
sources
(before oxidation)

(c)

Microproducts
(after oxidation)

Pitcher and Sheikhi et al., Chemical Engineering Journal, 447:137418, 2022. Provisional Patent Application filéd.




Part |l: Properties
CNC versus HCNC

High 1onic strength

Anionic
- HCNC
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Sheikhi et al., Journal of Colloid and Interface Science, 432:151, 2014. 13



Part |I: Properties
Redispersibility

CNC concentral:lon (wt% AHCNC concentratlon (wt%)
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Pitcher and Sheikhi et al., Biomacromolecules, Accepted (2023).



Part lll: Evidence of protrudin

(A)

(©)

g chains

240 T T T r T
Hydrolysis ] Carboxyl (B) [
time () Hairy nanocelluloses content _ I g .
g 200 | % AN
0 (ENCC) 5.0 mmol g by [ = =
;160 | >
] R —_ f .
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[ r r ~m
= - L - | -
] i ~ i Z‘
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_g 120 8 = = .
> I = 1
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(HE ) A 1 _
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o ¥/ 84h @
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| S 008 CNC
0 , . , .
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Koshani and van de Ven, Journal of Colloid and Interface Science, 563:252, 2020.
Chen and van de Ven, Cellulose, 23:1051, 2016.
Sheikhi et al., Journal of Colloid and Interface Science, 432:151, 2014.
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Part lll: Evidence of protruding chains

-2 nm

0.0 Height 2.0 p,m

© . \

e — Q= —

HENCC PAMAM

0 nm

Sheikhi et al., ACS Applied Materials & Interfaces, 7:11301, 2015.
Yang et al., Biomacromolecules, 17:2240, 2016.
Tavakolian et al., Journal of Colloid and Interface Science, 541:444, 2019. 16



Part V: Unique applications

" ENCCL, T=35°C T ENCCI, T=31°C
COOH (5.5 mmol g™) 2007
> Scale inhibition 28 R L
ENCC1 ;E;H ;100- 1.6 ppm
S0F 0ppm S
300 0 160 " vzrljo 300 00 160 260 30>0

Sheikhi et al., Materials Horizons, 5:248, 2018.

t (min) t (min)

> Water
treatment

> Biomimetic
mineralization

» Lightweight
materials

» Anti-scaling
surfaces

17

Sheikhi et al., ACS Applied Materials & Interfaces, 10:34553, 2018. Yang and Sheikhi et al., Langmuir, 32:11771, 2016.



brain fog, or hair loss
“chemo brain”

Chemo can damage hair follicles
and cause them to temporarily
stop producing new hairs. Halr
loss can be disheartening. but
remember that this side effect is

Foagy thinking and memory problems
are often referred 1o as having “chema

brain." This side effect can cause further

anxiety and stress during your recovery.

anxiety and
depression

Chemotherapy and its side offects
add 1o the stresses of everyday iife
and can become overwhelming,
leading o anxiety or depression

hot flashes

and menopause

Chemotherapy can affect the
menstrual cycle. cause hot flashes,
and trigger eary mencpause

weak heart

Chemotherapy can weaken the
heart muscie, especially if you have
a preexisting heart condition.

nausea and
vomiting
Nausea is one of the

most common symptoms
of chemetherapy.

discolored and
cracked nails

During chemo treatments, you
might develop brown, cracked
fingernalls and toenails

loss of appetite

Chemotherapy can disturb the
entire digestive system, causing
a wide variety of unpleasant
symptoms that disturb appetite

sexual dysfunction

A low libldo is comman after going

through chemo. If symptoms are severe,
it might be hard to “get in the mood.”

but It's usually o temporary issue.

skin sensitivity

hS

Chemotherapy can cause dry,
irritated skin. Your skin may also
develop sensitivity 1o sunlight.

only temparary.

mouth sores

The gums. insides of the
cheeks, tongue, and throat are
prone to sores. Early treatment
can help prevent nfections.

lower blood
cell count

Chemetherapy can interfere
wilth the body’s ability 10 produce
healthy biocod platelets as well as
red and white blood cells. Low
blood counts can lead to a variety
of serious side effects.

digestive distress

Chemaotherapy can cause
constipation, diarrhea, and
other forms of digestive
distress. As & result of this,
you may also experience

weight loss and weakness

decreased
urination

Decreased urination may
be a sign that chemotherapy
is harming the kidneys.

red urine

Your wrine may be red due
1o certaln chemotherapy
drugs working their way out
of your system.

bone loss

Osteoporosis, or loss of bone
density. can be a long-term side
effact. Women are especially
susceptible to bone loss.
Chemotherapy could worsen
these effects as you age.

poor coordination
and tired muscles

Tiwed, achy muscles can interfere
with balance, coordination, and
motor skills

swollen hands
and feet

Swollen hands and feet may
be a sign that your kidneys
are working overtime.

SURGERY

inferior vena cava

Drug capture

RADIATION THERAPY

[®) &

CHEMOTHERAPY

Human Liver Anatomy

gall bladder

common bile duct

hepatic artery

IMMUNOTHERAPY

portal vein

18



HCNC for capturing off-target drugs

T — — ENCC/Dox -
b AL ~ | |6000 pg mg!
Blumenfeld et al., Nature Communication (2018) (Grubbs @ Caltech)

Magnetic device
25 ug mLt 2> 5 pg mL?

O Human serum e E
. " Hu um. e
ENCC device 6000 - N oL 5 5
] _ ~ 5000 . g
100 pg mLt > 10 pg mL* N . el
- after test fm . 3 /[DOX]/[COOH] ~ 0.5 mol mol*
£ 3000] . = 40} 1DOX]/[COOH] ~ 1 mol mol-*
= 2000 LS >0l [DOX]/[COOH] ~ 2 mol mol?!
1000 + :
0 1 1 1 | 1 1
-— 0 . : : ' . 0 5 10 15 20 25 30 35
)1 mm ‘m - 0 200 400 600 800 1000 1200 el

Ce (ng mL1)

Young and Sheikhi et al., Materials Today Chemistry, 23:100711, 2022.
Provisional Pending Application filed.

V =100x5 ~ 500 time smaller

19



HCNC for capturing off-target drugs
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Young and Sheikhi et al., Materials Today Chemistry, 23:100711, 2022.
Provisional Pending Application filed.



HCNC for the selective removal of
rare earth elements (REEs)

MAGNETS 37%

o
N e o d g m I u m - ACS Green Chemistry Institute Opftical drives, speakers,

Chemistry for Life® Ll]j smartphones, wind turbines,

An Element for a Modern World e
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- 7 B Rising threat from increased use %:‘: . | f
E B Serious threat in the next 100 years .Eﬂ 60 circutar economg or
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HCNC for the selective removal of
rare earth elements (REEs)

NaClO,, g ?,?} ©CO00- L |/ / ot ¥
H,0, f 58 \
NalO, pH=5 N
rt 96 h rt, 24 h Dicarboxylated cellulose (DCC) Bl
nionic hairy
- ?.f;% nanocellulose 00 (d) 300 k# . m N
?9' F (AHNC) 250 @ @ -----------eoom- - - 250 St -

k-

@
d
M < 200 ¢ © 200 r Qe average ™ 264 mg/g
o = S 150 | g 150 |
Cellulose Dialdehyde modified Anionic hairy cellulose E ! £
fibers cellulose (DAMC) nanocrystals (AHCNC) / < 100 ¢ = 100 |

ot

OH OH OH 0 OH OH 50 s
g, Ko 0 . o N M 50
H 0 0 0 ’A/O 0o 0 ﬁ/ o 0 0 | 1 . A . 0 ‘ . . .
OH oy -» LOO OH - OonoOH Son 0o 2 4 6 8 10 0 200 400 600 800 1000
Contact time (min)

C. (ppm)
Wet DAMC
300

250 ¢« ¢ B
~ 200 r
B 150
m -
E
100 F
=

Wamea and Sheikhi et al., Chemical Engineering Journal, 428:131086, 2022. i
Provisional Patent Application filed (2022). 0

0 200 400 600 800 1000
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Future directions

1) Pathological crystal inhibitors
2) Pickering emulsions
3) Food additives
4) Water treatment
5) Blood purification
6) Bioadsorption
/)
8)
9)
10

iry r elluloses i
SenSOI‘S o Initial copper 0sec 60 sec 120 sec 150 sec 180 sec 210 sec

solution | 1000 ppm
500 ppm | ENCC added

Additive manufacturing
Inorganic nanoparticle synthesis
) Antifouling coatings

Conclusions L

1) HCNC has unique colloidal properties. I iy
2) HCNC is an emerging sustainable CNCCR
nanomaterial for environmental and

healthcare applications. | OBESITY IS NOW A
3) Scale up of HCNC could be the next - A GLBAL EPIDEMIC!

Bu 1'( pp!q
nd forms a

[t
b 1lt IJl k
flo u-n[ltly

step in democratizing its use.
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