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Abstract Production of deuterated cellulose is

important from both theoretical and practical perspec-

tives. In this study, cellulose fibers of cotton and

Tencel fibers with exchange-resistant deuterium incor-

poration were prepared by hydrogen–deuterium

exchange treatment. The effect of the micro-structure

of cellulose crystallinity index as well as the reaction

conditions including catalyst, reaction time, and

temperature on the exchange-resistant deuterium

incorporation process are reported. The ability of

deuterated cellulose fibers to resist protium-exchange

during H2O washing was also explored. The results

found that higher crystallinity index is beneficial to

stabilize the deuteration of cellulose fibers. Further-

more, alkaline catalysts such as sodium hydroxide or

potassium carbonate and higher exchange temperature

as well as longer reaction time contribute significantly

to the stabilization of deuterium incorporation in the

deuterated cellulose fibers. These observations

revealed that the hydrogen–deuterium exchange treat-

ment is effective to obtain exchange-resistant deu-

terium incorporated cellulose fibers. In addition,

cotton fibers with several deuteration levels were

produced and could be considered for the study of

deuterium effect on cellulose properties.
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Introduction

Cellulose is one of the most abundant polymers in the

world and has received extensive attention as a viable,

sustainable alternative to petroleum resources for a

variety of bio-derived materials, chemicals, and fuels

(Raghuwanshi et al. 2018). Meanwhile, there are now

numerous ongoing studies directed at cellulose mod-

ification to expand the cellulose material application

field (Chen et al. 2019). Therein, deuterated cellulose

is one of the most interesting and insightful cellulose

derivatization protocols that deserves more attention.

Deuterated cellulose refers to modified cellulose with

hydrogen atoms substituted by deuterium atoms,

including alkyl hydrogens (which are bonded to

carbon atoms and often termed ‘‘unexchangeable’’

hydrogens) and hydroxyl hydrogens (which are

bonded to oxygen atoms and often termed ‘‘exchange-

able’’ hydrogens). This can be accomplished by (1) a

biological route including growth of plant material in

heavy water (Evans et al. 2019) or cultivation of

bacterial strain in a deuterated media (Bali et al. 2013)

or (2) a chemical exchange process involving hydro-

xyl groups (Hishikawa et al. 2017), respectively. Since

the hydrogen atom is changed to deuterium atom,

many properties of the deuterated cellulose are altered,

such as small angle neutron scattering (SANS) scat-

tering length density (SLD) (Evans and Shah 2015),

hydrolysis rate (Bhagia et al. 2018), and thermosta-

bility et al. (Budarin et al. 2010). In particular,

replacing the hydrogen atoms (which have no neutron)

with deuterium atoms (which has a neutron per atom)

significantly enhances the potential utilization of

SANS in cellulose characterization due to the fact

that deuterium and hydrogen interact with the neutrons

quite differently (Evans and Shah 2015). Through

neutron studies, the deuterium incorporation into

cellulose was able to reveal the cellulose biosynthesis

(Zimmer 2015), cellulose dynamics (Garvey et al.

2019), and chemical and biochemical degradation

(Garvey et al. 2019) process, etc. Thus, the production

of deuterated cellulose materials is crucial but remains

quite a challenge.

So far, production of deuterated cellulose is usually

accomplished via biological routes, which could result

in the substitution of non-exchangeable (i.e. alkyl

hydrogens) and hydroxyl hydrogens that are not

surface accessible (Putzbach et al. 2005; Raghuwanshi

et al. 2016). However, replacing C–H with C–D is still

quite challenging for some plants or bacteria because

heavy water affects the cell growth and metabolism

caused by the biological toxicity of D2O to plants or

bacteria growing (Evans et al. 2014). Also, quite a

large amount of time and efforts are needed to

cultivate deuterium incorporated plants and bacteria

and then extract deuterium incorporated cellulose. For

other studies, there is a need to solely exchange the

protio cellulose hydroxyl groups with deuterium.

Currently, some of the generation of cellulose OD

group in the published literature is focused on the

easily exchangeable hydroxyl groups located primar-

ily in the amorphous component of cellulose, where

the re-hydration would occur readily. For example,

D2O has been used to calculate the cellulose crys-

tallinity and cellulose accessibility since only the

amorphous area was believed to be accessible to D2O
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molecular (Reishofer and Spirk 2015). Also, the

estimation of D2O content in cellulose thin films has

opened the way to learn about cellulose hydration and

adsorption during interaction with bio-molecules (Su

et al. 2016; Yonenobu et al. 2009). There is relatively

limited research that pays attention to the crystallite

interior deuterated OH groups through hydrogen–

deuterium exchange process, which were principally

employed for crystalline cellulose interior structure

revelation and hydrogen bonding related research

(Agarwal et al. 2015; Russell 2015). For example,

Nishiyama and Langan et al. deuterated alga Glauco-

cystis nostochinearum, tunicate cellulose and mercer-

ized flax with all the crystalline cellulose hydroxyl

groups being substituted by deuterium hydroxyl for

the probing of structure and hydrogen bonding system

in cellulose Ia, Ib and cellulose II, respectively

(Langan et al. 1999; Nishiyama et al. 2002; Nishiyama

et al. 2003). However, replacing all the interior

crystallite hydroxyl groups, namely ‘‘intracrystalline

deuteration’’, requires a drastic condition (0.1 N

NaOD in D2O at 210 �C for 1 h) (Jean et al. 2008),

which may readily impair the original cellulose

material properties. In summary, there is a need to

prepare deuterated cellulose material with exchange-

resistant cellulose OD hydroxyl groups through a

relatively mild chemical exchange process for practi-

cal application such as security of high-value specialty

paper or currency paper. Furthermore, the develop-

ment of exchange-resistant deuterated cellulose mate-

rial through hydrogen–deuterium exchange is

especially attractive as it could be used as an important

and useful tool for contrast variation SANS studies of

cellulosic materials; and studies of cellulose dynamics

etc. since the inclusion of heavy atoms is a powerful

tool for the comparison theoretical calculations with

vibrational spectroscopy (particularly low frequency

motions) and solid state NMR spectroscopy (Müller

et al. 2000; Russell 2015).

In this study, natural cotton fibers and regenerated

Tencel fibers were deuterated by hydrogen–deuterium

exchange treatment under high temperature with the

addition of a catalyst (i.e., NaOH and K2CO3)

(Lockley and Heys 2010). The influence of reaction

conditions and cellulose crystalline information on

deuterium exchanged fibers and the stability of R–O–

D towards to exchange with H2O was investigated.

Experimental methods

Materials

Tencel (T) and cotton (C) fibers are provided by

Dezhou Hengfeng Co., Ltd. Tencel fibers were

produced by 4-methylmorpholine-N-oxide (NMMO)

solution and regenerated into cellulose II fibers. All

chemicals used were of reagent grade and used as

received from Sigma Aldrich.

Cellulose fiber preparation

Prior to the exchange studies, cotton fibers were

purified by refluxing with a 1% (w/v) NaOH solution

to remove gum constituents (Dhillon et al. 2018). For

comparison, the original cotton fibers were treated

with cellulase from Trichoderma sp. at 35 �C for 72 h

to obtain enzyme treated cotton fibers with decreased

crystallinity index. The enzyme activity was 0.17 IU/

mg, measured with Sigmacell cellulose as substrate at

pH 5.0 and 37 �C (IU: international units) (Pu et al.

2006). The resultant fibers were washed with distilled

water several times until the effluent was pH neutral.

Production of deuterated cellulose fibers

with hydrogen–deuterium exchange treatment

Presoaking of cellulose fibers

The purified dry cotton fibers, Tencel fibers, and

enzymatic treated cotton fibers (3.3 g) were individ-

ually immersed in 100 mL 99.98% deuterium oxide

(D2O, 1:30, w/v) with stirring for 12 h at room

temperature and these samples were then frozen at

- 10 �C. The frozen samples were then freeze-dried

to a constant weight.

Hydrogen–deuterium exchange treatment of cellulose

fibers

The freeze-dried cellulose fiber samples were then

placed in a 4560 series Parr reactor (Parr Instrument

Company, USA) with 99.98% D2O (1:30, w:v) and

then heated at 105 �C for 8 h. After the hydrogen–

deuterium exchange treatment, D2O was used to wash

the samples until the effluent was pH neutral. The

resultant fibers were dried in the vacuum oven at 60 �C
for 24 h. The dried fibers were stored at room
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temperature (25 ± 2 �C) and humidity (65 ± 5% RH,

H2O moisture) for further analysis. In order to study

the influence of parameters on deuteration rate, the

experiments were repeated under the same conditions

except for the addition of catalysts, either NaOH and

K2CO3 (10% wt based on the cellulose sample). The

reaction time and temperature for the hydrogen–

deuterium exchange treatment were also varied

according to Table 1. It should be noted that the left

parallel experiments were run under the catalyst of

K2CO3, the treating temperature of 105 �C and the

reaction time of 8 h as fixed parameters. The chosen

conditions are all referenced to the literature or pretest

(Horikawa et al. 2009; Reishofer and Spirk 2015).

Characterization of the cellulose fibers

Fourier transform infrared spectroscopy (FTIR)

FTIR spectra of the original cellulose fibers and

deuterated cellulose fibers were acquired with a Perkin

Elmer Spectrum 100 FTIR spectrometer (Waltham,

MA, USA) equipped with an ATR accessory. The

spectral data was acquired over the wavelength range

of 800–4000 cm-1 with a resolution of 2 cm-1 for 64

scans per spectrum.

The FTIR spectra of the deuterated cellulose fibers

were baseline-corrected with the Origin Pro software.

The peaks were manually picked over

3800–2300 cm-1 to compare the quantity of deu-

terium signals of different samples (Łojewska et al.

2007). In particular, the cellulose fibers’ FTIR spectra

were baseline-corrected with reference to the wave-

length numbers of 3670 cm-1, 3002 cm-1,

2636 cm-1 and 2320 cm-1, respectively. Since the

CH/CH2 groups around 2890 cm-1 of cellulose fibers

remained unchanged during the hydrogen–deuterium

exchange treatment, it was selected as the reference to

calculate the relative deuterium content. The OH

groups were also selected for verifying the deuteration

rate comparison. Thereby, the characteristic peaks of

OD, OH and CH/CH2 groups were compared by their

peak intensity.

In order to obtain the cellulose fibers with

stable deuterium incorporation signal, one group of

the deuterated cotton and Tencel cellulose fibers were

stored in the constant temperature (25 ± 2 �C) and

humidity air environment (65 ± 5% RH, H2O mois-

ture) for 0.5, 3, 7, 14 and 30 days, respectively, prior to

analysis. Then, the deuterated cellulose fibers were

treated separately with different reaction conditions

and analyzed for relative deuteration incorporation

rate.

Moreover, to determine the environmental stability

of the deuterated fibers, they were stirred in H2O

(deionized water, 1:30, w/v) at room temperature for 0

to 30 days and then filtered before they were dried in

the vacuum oven at 60 �C for 24 h. The FTIR spectra

were then recorded as described above.

Crystalline information of the cellulose fibers

Cellulose crystallinity of the original cotton, Tencel

and enzyme-treated cotton fibers were revealed by

XRD diffraction patterns. Diffraction patterns were

measured with a D8 Advanced X-ray diffractometer

(Bruker, Germany). The 2h range from 5� to 40�
diffraction patterns were recorded with a scan rate of

2�/min at 40 kV and 50 mA, respectively. The crys-

tallinity index (CrI) of the cellulose samples were

calculated according to the Segal method equation

previously reported (French 2014; French and Santi-

ago Cintrón 2013).The equation was listed as follows:

CrI(% ) ¼
I200=I020 � Iamorph

I200=I020

I200/I020 refers to the maximum peak intensity of the

200/020 cellulose crystalline lattice diffraction

(around 22.6� and 21.6� for native cellulose and

regenerated cellulose, respectively), respectively

(Nam et al. 2016). While, Iamorph is the minimum

intensity near 2h = 18� (cellulose I) and 16�(cellulose

II), respectively, which is attributed to the amorphous

area in native cellulose and regenerated cellulose,

respectively (Azubuike et al. 2011; Song et al. 2018).

Table 1 Experimental parameters for hydrogen–deuterium

exchange treatment

Parameter Catalyst Time (h) Temperature (�C)

No. 1 – 4 105

No. 2 NaOH 8 125

No. 3 K2CO3 12 145

The bold contents were fixed parameters for other experiments
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Results and discussion

FTIR spectra of the original cellulose fibers

and deuterated cellulose fibers

FTIR spectra of the original cellulose fibers and

deuterated cellulose fibers which were stored for 2

weeks in the H2O atmosphere are depicted in Fig. 1.

As shown in Fig. 1, most of the cellulose characteristic

peaks remained unaffected except for the decreasing

of OH peak intensity and the emerging of OD

stretching band after the hydrogen–deuterium

exchange treatment. Segmental characteristic peaks

that represent OH band were changed to lower

wavelength with an absorption ratio averaging 1.34

to 1.35 due to the isotopic effect. Similar results were

also reported in the literature (Hofstetter et al. 2006).

Apparently, there are significant differences

between the FTIR spectra changes of the deuterated

cotton fibers and deuterated Tencel fibers upon

hydrogen–deuterium exchange deuteration. Figure 2

presents the cellulose monosaccharide chemical struc-

ture. According to the literature, as summarized in

Table 2, the OH characteristic peaks at 3340 cm-1 and

3290 cm-1 represent O3-H…O5 intramolecular

hydrogen bond and O6–H…O30 intermolecular hydro-

gen bond for natural cotton fibers, respectively

(Altaner et al. 2014). After deuteration, the dominant

hydrogen bond of OH groups were all partially

substituted. The signal at 2530 cm-1 (shifted from

3405 cm-1) remained visible slightly above noise

level and the 2480 cm-1 (shifted from 3340 cm-1)

peak continued to exhibit the strongest intensity

followed by the 2455 cm-1 (shifted from

3290 cm-1) peak (Fig. 1-C). Thus, it can be con-

cluded that the O3H and O6H group (as shown in

Fig. 2) were steadily substituted by OD for natural

cotton fibers. Analysis of the deuterated Tencel fibers

suggested that all the dominant types of hydroxyl

groups were almost equally replaced by OD for

regenerated fibers, even for the unremarkable hydro-

gen bonds from the original Tencel fibers such as the

characteristic peaks at 3488 cm-1 and 3440 cm-1

(Fig. 1-T).

It is possible that some of the OD groups may be re-

exchanged back into OH during storage, thus, the

remaining OD characteristic peaks were considered

‘‘exchange-resistant’’ deuterium incorporation sig-

nals. As can be observed, besides the different

situation of substitution position, the exchange-resis-

tant relative deuterium incorporation content of

Tencel fibers is significantly less than cotton fibers.

It has been reported that the crystallinity index of

cellulose remarkably influences the accessibility of

cellulose hydroxyl groups (Fackler and Schwanninger

2011). It is possible that different deuteration rate in

Fig. 1 FTIR of the original and deuterated cellulose fibers (C cotton; T Tencel)

Fig. 2 Chemical structure of cellulose (French 2017)
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cotton and Tencel fibers might be caused by the fact

that more amorphous cellulose exists in Tencel fibers.

To validate the hypothesis, cellulose fibers with

different CrI values were treated and tested.

Diffraction patterns of the cellulose fibers

before deuteration and their FTIR spectra

after deuteration

Figure 3 showed the crystalline information of the

cellulose samples before deuteration. As we can see,

the original cotton fibers and enzyme treated cotton

fibers both exhibited cellulose I crystalline form, with

the CrI of 87.33% and 78.01%, respectively, while the

original Tencel fibers showed the crystalline form of

cellulose II and CrI of 75.20%.

Figure 4 summarizes the FTIR spectral data for the

deuterated cellulose fibers which were stored for 2

weeks in the H2O atmosphere. As shown from Fig. 3a,

b, the enzymatic treatment only decreased the crys-

tallinity index of cotton fibers while the crystalline

form of cellulose remained cellulose I as to be

expected (Song et al. 2018). However, the deuterium

signal of enzymatic cotton fibers was significantly

lower than the original cotton fibers (Fig. 4a, b) due to

Table 2 FTIR peak assignment of deuterated cellulose

Peak position (cm-1) Assignment Signal intensity

3230–3310 (C:3290 ? 2455) O6-H/D…O30 intermolecular hydrogen bond in cellulose I ? ?

3375–3340 (C:3340 ? 2480)(T:3340 ? 2475) O3-H/D…O5 intramolecular hydrogen bond in cellulose ? ? ?

3405 (C:3405 ? 2530) OH/D intermolecular hydrogen bond in cellulose I ?

3440 (T:3440 ? 2550) OH/D intramolecular hydrogen bond in cellulose II ? ? ?

3488 (T:3488 ? 2580) OH/D intermolecular hydrogen bond in cellulose II ? ?

Fig. 3 XRD of the cotton and Tencel cellulose fibers before deuteration

Fig. 4 FTIR of the cotton and Tencel cellulose fibers after

deuteration
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the lower crystalline index. It can be concluded that

the higher crystalline index of cellulose fibers con-

tributes to retaining the exchange-resistant deuterium

signal in the hydrogen–deuterium exchanged fibers. It

is because that higher crystalline cellulose possesses

more deuterated hydroxyl groups in the crystalline

area of cellulose, resulting in greater stable deuterium

signal. Research have revealed that the deuterium

incorporation of crystalline area is all exchange-

resistant when treated with D2O liquid at 170 �C to

210 �C (Okajima and Kai 1972).

However, with the similar crystallinity index of

enzyme-treated cotton fibers (Fig. 3b) and Tencel

fibers (Fig. 3c), there is a notable difference of

deuterium content (Fig. 4b, c). The deuterated enzyme

treated cotton fibers (cellulose I) showed higher

deuteration rates compared with the deuterated Tencel

fibers (cellulose II). This result may be attributed to the

difference of crystalline form or micro structure. There

are literature that indicate the cellulose II hydrogen

bonding is more stable than cellulose I hydrogen bond

(Pushpamalar et al. 2006), which may cause the

difficulty of K2CO3 swelling of cellulose interior

structure which then hinders the hydrogen–deuterium

exchange process. Also, the lumen inside of cotton

fibers with greater specific surface is beneficial at

incorporating and retaining deuterium incorporation

signal. In conclusion, cellulose with higher crys-

tallinity such as natural cotton and ramie fibers are

suggested for the preparation of hydrogen–deuterium

exchanged deuterated cellulose with a higher level of

deuterium signal content.

FTIR spectra of the deuterated cellulose fibers

stored in H2O atmosphere

Deuterated cotton and Tencel fibers that were treated

with aqueous NaOH treatment at 105 �C for 8 h were

subsequently maintained at constant temperature

(25 �C) and atmospheric humidity for a period of 0.5

to 30 days. The deuterium incorporated cellulose fiber

samples were then analyzed by FTIR and the results

are illustrated in Fig. 5.

It is apparent that the relative deuterium incorpo-

ration rate decreased quickly in the initial several days

when they were exposed to the air with ambient

humidity. These changes can be attributed to the fact

that some of the active deuterium incorporation from

surface accessible cellulose were exchanged with

hydrogen when exposed to the air with H2O. The

phenomenon that the deuterium signal content from

the Tencel fibers with more amorphous area decreased

more rapidly supports this claim. Fortunately, the

dramatic decreasing of deuterium signal content

became very minimal after being stored for 2 weeks.

This proved that the deuterium signal remained after

exposed to air for 2 weeks are exchange-resistant to

some extent. Thereby, the resistant deuteration rate of

fiber treated by different reaction conditions could be

comparable after 2 weeks exposing to the air

atmosphere.

FTIR spectra of the deurated cellulose fibers

with varying reaction conditions of catalyst,

exchange temperature and time

According to the results of Fig. 5, all the samples for

comparison were analyzed after equilibrium at con-

stant temperature 25 �C and atmospheric humidity for

2 weeks.

FTIR spectra of deuterated cellulose fibers

with varying catalyst

The influence of catalyst on the stability of the

deuterium incorporation of hydrogen–deuterium

exchanged cellulose fibers were conducted under the

reaction time of 8 h and a reaction temperature of

105 �C. The FTIR spectra of the sample fibers with

different catalyst charge were shown in Fig. 6. Com-

pared with the cellulose fibers treated by solely D2O,

the exchange-resistant deuteration rate was greatly

improved with the addition of catalysts, for both

natural cotton and regenerated Tencel fibers. It can be

explained that on one hand, the catalyst (K2CO3 or

NaOH) accelerated and increased the exchange of

cellulose R–O–H groups. On the other hand, the

alkaline reagent helped to swell the cellulose interior

structure, which made the exchange occur easily

because the accessibility was improved (Alves et al.

2015). There is an increase of deuterium signals of

cellulose fibers treated with NaOH as a catalyst

compared with K2CO3, in D2O. This effect was due

to the stronger alkalinity of NaOH, which contributed

to the exchange of R–O–H groups. Pönni et al. also

reported that the alkaline environment enhanced the

exchanging of OH and OD groups for cellulose (Pönni

et al. 2014). However, NaOH is believed to damage
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the cellulose molecular chain under high temperature

and thus destroy the fiber crystallinity, strength etc. as

a strong alkaline chemical (Song et al. 2018). There-

fore, catalyst with mild alkalinity such as K2CO3 or

Na2CO3 is suggested for the exchange experiment.

FTIR spectra of deuterated cellulose fibers

with varying reaction temperature

The effect of temperature on the exchange-resistant

deuterium signals of hydrogen–deuterium exchanged

cellulose fibers were examined with 10% weight of

K2CO3 as a catalyst and a reaction time of 8 h in D2O.

Figure 7 exhibits the FTIR results of the sample fibers

treated at different temperatures.

With the elevation of temperature, the deuterium

incorporation content increased obviously. There are

two mechanisms that can explain this phenomenon.

Firstly, the higher temperature accelerated the

exchange of R-O–H groups. Secondly, the higher

pressure caused by higher temperature helped the D2O

molecule to penetrate into the cellulose crystalline

bundles, which promotes the exchanging of hydrogen

and deuterium (Matthews et al. 2011). It has also been

reported that all the protio hydroxyl groups of

crystalline cellulose could be substituted with deu-

terium for ramie at 210 �C with the 0.1 mol NaOD

(Yuan et al. 2005). However, these severe conditions

will degrade the cellulose molecule chain and then

result in the loss of strength for cellulose material

Fig. 5 FTIR of the deuterated cellulose fibers with H2O atmosphere storage time (C cotton; T Tencel)

Fig. 6 FTIR of the deuterated cellulose fibers with different catalysts (C cotton; T Tencel)
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(Chen et al. 2018). Thereby, 105 �C was selected for

the following exchange studies.

FTIR spectra of deuterated cellulose fibers

with varying reaction time

The influence of treatment time on the exchange-

resistant deuterium signals for hydrogen–deuterium

exchanged cellulose fibers were carried out with the

addition of 10% weight of K2CO3 and a treatment

temperature of 105 �C in D2O. The FTIR spectra with

different treatment times are summarized in Fig. 8.

Although the relative deuteration rate increased

with the prolonged treating time, it seemed to be less

pronounced when it reached 8 h. There is a very

limited increase in the R-O-D signal for the 8 h to 12 h

treatment time for the cellulose fibers, especially for

the natural cotton fibers. This may be caused by a

saturation point under the same treating temperature.

It was reported that the accessibility of cellulose to

liquid D2O occurs quickly and there was a minimal

increase from 4 h to 1 week (Reishofer and Spirk

2015). Thus, treating for 8 h at 105 �C is sufficient for

the cellulose hydrogen–deuterium exchange

treatment.

In conclusion, the alkaline catalyst and treating

temperature as well as treating time contribute

Fig. 7 FTIR of the deuterated cellulose fibers with different reaction temperature (C cotton; T Tencel)

Fig. 8 FTIR of the deuterated cellulose fibers with different treating time (C cotton; T Tencel)
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markedly to influence the exchange-resistant deuter-

ation incorporation rate.

FTIR spectra of the deuterated cellulose with H2O

washing treatment

The FTIR spectra of the deuterated cellulose fibers

after washing with H2O are presented in Fig. 9.

It can be observed that both the deuterated cotton

and Tencel fibers were partially re-protonated after the

washing treatment with H2O. This is because the

deuterium incorporation from cellulose amorphous

area was exchanged with the hydrogen from H2O

during washing. The initial drastic drop of Tencel

fibers with lower CrI could also prove this claim.

However, there are deuterium signals from the

deuterated cellulose that were resistant to washing

treatment for even 1 month. There were about 33%

(based on the original OH group) of deuterium content

remained for cotton fibers and only 10% for Tencel

fibers after washing for 30 days. Hence, the deuterated

cotton fibers were more exchange-resistant to H2O

washing compared to Tencel fibers, which is also

caused by a higher crystallinity of cotton fibers that

retained the deuterium incorporation better. These

results illustrate that deuterated cellulose fibers pro-

duced by hydrogen–deuterium exchange treatment

could resist protium-exchange during H2O washing

for at least 30 days.

Conclusion

The deuterated cellulose fibers of cotton and Tencel

were prepared with hydrogen–deuterium exchange

treatment. The higher CrI was beneficial for the

hydroxyl deuteration of cellulose with an exchange-

resistant deuterium incorporation. Also, alkaline cat-

alysts such as NaOH or K2CO3 and higher temperature

as well as longer reaction time contribute significantly

to the exchange-resistant deuteration of cellulose. The

deuterated fibers possess stable deuterium signal that

are resistant to H2O washing treatment for at least

30 days. Furthermore, deuterated cotton fibers per-

form better at retarding protium exchanging than

Tencel fibers. These observations could be instrumen-

tal in improving cellulose properties and understand-

ing of cellulose structure. What’s more, deuterated

cotton fibers of different deuteration rate levels could

be produced based on these results and they could be

utilized for the investigation of deuterium effect on

cellulose properties as well as expand the application

field of cellulose material.
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