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Cellulose ethers. Why? What is it?

• Cellulose is a very strong and versatile 
biopolymer.

• But - hard to dissolve.

• Does not melt.

• Makes it diffcult to use.



If the chemical stucture is 
changed!

• Cellulose derivatives are easier to dissolve.

• Might not melt.

• Could be highly water soluble (e.g. Carboxy 
Methyl Cellulose)

• Could be hydrophobic (e.g. Benzyl Cellulose1, 
Veratryl Cellulose2)

• Could be water soluble BUT hydrophobic (e.g. 
Methyl Cellulose)

1 Sundman et al (2015) Cellulose Chemistry and Technology, 2Yahia and Sundman (2022) Bioresources
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These hydroxy-groups are either esterified 
or etherified.

C6-OH

C2-OH

C3-OH
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Petra Michnick. Regenerated cellulose and cellulose derivatives. Lecture, 
2012
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As you see. 

Cellulose 

ethers are 

much more 

common(!)
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• These hydroxy groups will NOT react with 
e.g. benzyl chloride or ethyl chloride.

• They have to be activated first.
• Cellulose is an unusual polyalcohol since 

NaOH is strong enough to deprotonate it.
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• pKa of glucose = 12.3

• pKa (C2, C3)-OH for β-cyklodextrine = 13.5

lower for C6-OH

• pKa (C2, C3)-OH 10 – 12 

• pKa (C6-OH) ≈ 14

• pKa för H2O ≈ 14

www.sigmaaldrich.com

Seymour/Carraher’s Polymer Chemistry, 6th Ed. 
Charles E. Carraher, Jr. (2003)

Gaidamauskas et al (2009) Carbohydrate 
research
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BUT!



Derivatization of cellulose
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Unwanted side reactions in an aqueous environement:

e.g.

Cl-C7H7 + OH-⇌OH-C7H7 + Cl-

Cl-C2H5 + OH-⇌OH-C2H5 + Cl-

Cl-C2H2OO- + OH-⇌OH-C2H2OO- + Cl-

The solution chosen by the industry is to 

remove the excess NaOH and water!
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Traditionally this done by addiding ≈ 18 % NaOH(aq) and then pressing
out the excess NaOH solution.
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Traditionally this done by addiding ≈ 20 % NaOH(aq) and then pressing 
out the excess NaOH solution.
But even if you press out as much as possible (say that the moisture 
content is 40%). Then you still have 4 g of 20% NaOH(aq) /6 g cellulose. 

I.e. 2.3 g H2O / 5 g cellulose -> >4 H2O molecules/cellulose AGU

Therefore, cellulose is ”sprayed” with a small amount of highly 
concentrated NaOH(aq) solution.
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Therefore, cellulose is ”sprayed” with a small amount of highly
concentrated NaOH(aq) solution.

We did this in Örnsköldsvik, at MoRe research.
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Therefore, cellulose is ”sprayed” with a small amount of highly
concentrated NaOH(aq) solution.
We did this in Örnsköldsvik, at MoRe research.
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We could not definitly reject the hypothesis (that ”diffusion” exist

also a LWC).

Neither could we statistically confirm it.
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• Diana defended her thesis in 2018

• I felt that ”it’s about time!”
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• Mercerisaton affect DS but not to the 

expected degree.

• Mixing of the components are even more 

important for cellulose ethers than just 

mercerisation – questionable if we have 

any ”diffusion” at the time scale studied.

• ത𝑋3< ത𝑋2≈ ത𝑋6
• ത𝑋3 is LESS (compared to ത𝑋2and ത𝑋6) 

affected by the decrease in DS when 

[NaOH] is decreased. 



Size Exclusion Chromatography on 
the Biopolymer Analytical Platform

(SLU/UmU)
• Size exclusion chromatography of

(bio-)macromolecules.

– E.g. lignin, cellulose, hemicellulose or 
polyhydroxybutararate
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Cacoa nanofibres
Bleached cacoa
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GVL, 170 °C,

20 min lignin

GVL, 220 °C,

60 min lignin


