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Development of an accurate method for dispersion and 
quantification of carbon nanotubes in biological media
Lorena González-Legarreta,a,b Carlos Renero-Lecunaa,*,+, Rafael Valientea,c and Mónica L. 
Fanarragaa,d

Understanding the biological effects triggered by nanomaterials is crucial, not only in nanomedicine but also in toxicology. 
The dose-response relation is relevant in biological tests due to its use for determining appropriate dosages for drugs and 
toxicity limits. Carbon nanotubes can trigger numerous unusual biological effects, many of which could have unique 
applications in biotechnology and medicine. However, their resuspension in saline solutions and the accurate 
determination of their concentration after dispersion in biological media are major handicaps to identify the magnitude of 
the response of organisms as a function of this exposure. This difficulty has led to inconsistent results and 
misinterpretations of their in vivo behavior, limiting their potential use in nanomedicine. The lack of a proper protocol that 
allows comparing different studies of the carbon nanotubes content and its adequate resuspension in culture cell media 
gives rise to this study. Here, we describe a methodology to functionalize, resuspend and determine the carbon nanotubes 
concentration in biocompatible media based on UV-Vis spectroscopy. This method allows us to accurately estimate the 
concentration of these resuspended carbon nanotubes, after removing bundles and micrometric aggregates, which can be 
used as a calibration standard, for dosage-dependent studies in biological systems. This method can also be extended to 
any other nanomaterial to properly quantify the actual concentration. 

1 Introduction 

Since their first scientific report by S. Iijima in the ‘90s1, carbon 
nanotubes (CNTs) have been extensively used in many 
different fields from basic research up to industrial 
applications. These concentrically bent graphene layers exhibit 
unique physical and chemical properties, such as high electric 
and thermal conductivity, strength, stiffness, and toughness2,3. 
One of its most relevant characteristics from the biological 
point of view is its high Aspect Ratio (AR), length to diameter 
ratio; where its inner diameter can be as small as 2 nm and the 
length can range up to several micrometers (AR >> 1000)3. This 
characteristic together with its reactive surface made them 
useful as nanocarriers. The interior can be used to incorporate 
molecules or small clusters4,5, while its surface can be 

decorated with drugs and proteins, making them potential 
candidates for use as nanocarriers6-12.
Furthermore, this high AR2,3,13 is quite important in 
nanobiotechnology since these nanofilaments can adsorb a 
huge mass of proteins on their surfaces14-16 acquiring different 
biological identities that entitle their participation in complex 
biochemical and cellular processes17,18.  Moreover, well-
resuspended individual CNTs can penetrate in tissues and cells, 
where they biomimetically interact with the intracellular 
filaments (nucleic acids, actin filaments or microtubules) 
interfering with their function, triggering antiproliferative19,20, 
antimigratory20,21 and cytotoxic or proapoptotic effects22-28 
that can be used in the development of smart active-by-design 
nanocarrier systems in cancer treatment. These nanomaterials 
assemble mixed bio-synthetic filaments with the biological 
polymers changing their properties. Remarkably, the diameter 
of the CNT determines their affinity for one or the other 
polymer, resulting in different cellular effects. Single-walled 
CNT (SWCNT) preferably interact with DNA (2 nm wide) or 
actin (4-7 nm wide), while multi-walled CNTs (MWCNT) are 
more prompt to interact with microtubules (25 nm diameter). 
These interactions lead to DNA breaks25,29-32, blockade of the 
cellular biomechanics20,21,28, chromosome malsegregation17,33 
as a result of their interference with the DNA16,30,34,35, and 
actin36-38 or microtubule17-20 misfunction. Interestingly, all 
these unique biomimetic properties disappear when CNTs 
appear into micrometric bundles. Aggregated CNTs behave as 
micrometric particles, are also endocytosed but trigger 
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cytotoxicity by different means39,40 often as a result of an 
overdose of nanomaterial per cell.
Knowing the exact dose of nanotubes applied in a study is 
critical to understand their effect. Many studies referring to 
the concentration-dependent cytotoxic effects of CNTs use 
dosages much higher than what might be physiologically 
relevant (as the basic principle of toxicity states: “the dose 
makes the poison”). In many cases, concentrations above 200 
or 400µg/ml are reported41. However, at these concentrations, 
it is difficult to conciliate/assume that CNTs are not aggregated 
in micrometric bundles rather than well dispersed. Existing 
literature demonstrates how these nanotubes are aggregated, 
packed into bundles, or bind to other nano/micrometric 
structures, changing their interaction with cells and their 
intracellular components (e.g. microtubules)42 in comparison 
with the effects when the CNTs are completely dispersed and 
elongated43.
Traditionally, CNTs have been weighed and resuspended from 
dry powder. The CNTs resuspension has been generally 
performed using an ultrasonication probe in the dispersant 
media44. Unfortunately, the amount of salt present in 
physiological media (containing typically 150 mM NaCl) and 
the heterogeneity of the CNTs preparations, often lead to 
partial aggregation of the sample, which should be eliminated 
by low-speed centrifugation, thus resulting in a fractional loss 
of the initial CNTs suspension. This leads to inaccurate 
conclusions between experiments performed in different 
laboratories, or even in the replicas of the same laboratory.
In this paper, we describe an effective and reproducible 
protocol to optimally functionalize CNTs, eliminate the 
aggregates from the suspension using moderate centrifugation 
steps and, finally, a reproducible laboratory technique, based 
on ultraviolet-visible (UV-Vis) spectroscopy, for accurate 
quantification of the dispersed CNTs in suspension ready to 
use for the biological assays.
Although we have optimized the method for CNTs (different 
types including single-walled, pristine- or oxidized-multiwalled 
carbon nanotubes) it can be used to estimate the 
concentration of different carbon allotropes, such as graphene 
oxide suspensions. Nonetheless, it is also opened to determine 
the concentration of any other kind of nanomaterial displaying 
strong light scattering in the visible spectral region (400 – 800 
nm). This range has been established because most low-cost 
and commercially available spectrometers often used in labs 
can work at these wavelengths.

2 Experimental

2.1 Materials

High-purity (95%+) multiwalled-carbon nanotubes (MWCNTs) 
dry powders were purchased from Nanocyl, pristine (p-
MWCNT, ref. NC3100) and oxidized MWCNT (o-MWCNT, ref. 
NC3101). High-purity single walled-carbon nanotubes 
(SWCNTs) dry powders were purchased from Sigma Aldrich 

(ref. 900711) and used as prepared. Colourless culture cell 
media DMEM (Dulbecco Modified Eagle’s Medium) without 
phenol red, with glucose, sodium pyruvate and carbonic 
buffer NaHCO3 from PAN biotech® and Fetal Bovine Serum 
(FBS) from TICO Europe® were used as dispersant biological 
media for the CNT dry powders, (DMEM-FBS). 

2.2 Characterization methods

High-purity CNTs samples were morphologically 
characterized using Transmission Electron Microscopy (TEM) 
and Raman spectroscopy. TEM measurements were carried 
out with a JEOL JEM 1011 operating at the maximum voltage 
of 80 kV. The suspended and functionalized nanotubes were 
washed in bi-distilled water by centrifugation at 20,000 g for 
1 hour, 3 times, then resuspended and deposited onto 400 
mesh carbon-coated copper grids. Raman measurements 
were performed with a JASCO NRS-4500 Confocal Raman 
Microscope under 532 nm excitation wavelength. The light is 
collected with a 100x objective and dispersed with a 900 
grooves/mm grating and detected with an Andor Newton 
CCD detector refrigerated with Peltier at -70°C. The laser 
power on the sample is less than 10 mW to avoid sample 
damage by laser heating. UV-Vis absorption spectra to obtain 
the calibration curves were collected by a double-beam 
Cary6000i spectrophotometer and a single beam Cary50. All 
samples were measured using semi-micro PS cuvettes of 1.5 
ml and 10 mm of path length of Deltalab. A bench-top 
Biochrom Libra S2 model colorimeter was also used to 
measure the absorbance of the CNTs supernatant 
suspensions to determine the content of CNTs in the 
dispersion before to administrate to cell cultures.

2.3 Functionalization protocol for calibration curve 
measurements

To prepare the fine dispersion of the CNTs to measure the 
calibration curve, first, the CNTs dry powders (p-MWCNT, o-
MWCNT and SWCNTs) are weighed on a precision scale. Small 
amounts of CNTs (typically around 1 mg) are used to avoid 
large volumes of dispersant media ensuring that all CNTs are 
well dispersed. Then the CNTs dry powder is transferred to a 
15 ml centrifuge conical tube and an amount of 10 ml of 
DMEM (without phenol red) media containing 30% FBS 
(DMEM-FBS) is added with a precision pipette. In our case, the 
mixture was exposed to at least 4 cycles of 4 minutes of mild 
sonication (Sonics Vibra-cell model 75185) at 91 W. Sonication 
steps must be carried out on an ice bath (ca. 4 °C) to prevent 
the serum protein denaturation and coagulation. To remove 
microaggregates of CNTs, the suspension is low-speed 
centrifuged at 12,000 g for 10 minutes at 4°C. After 
centrifugation, the supernatant containing the well-suspended 
CNTs can be stored at 4°C until use. Depending on the CNT 
type as well as other variables (serum concentration, 
temperature, sonication probe/intensity, etc.), the sonication 
– centrifugation step can be repeated several times (as much 
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as required) until there is no pellet in the centrifuge tube after 
the 12,000g – 10 minutes centrifugation (Figure 1). In every 
step, the CNTs pellet is resuspended with at least 10 ml of 
fresh media, though the same media could be used for 
resuspension if a higher concentration of CNTs is required. For 
the standard calibration curve measurement purposes, we 
have used a total volume ca. 60 ml of dispersant media to 
perfectly disperse ca. 1 mg of CNTs dry powder (although it 
can vary depending on the type of CNT used). After 
resuspension, the stability of the CNTs dispersions is tested by 
UV-Vis absorption spectra in the 300–800 nm range. The 
resulting CNTs dispersions can be stored at 4°C for several 
months without any further treatment (see Video S4 that 
shows the easy resuspension of the SWCNT in distilled water, 
for example).

Figure 1: Protocol of CNTs dispersion in DMEM – FBS for curve 
calibration preparation. The upper arrow represents an 
iterative procedure that can be repeated until there is no 
pellet formed in the tube.

2.4 Calibration curve measurements

Upon complete dispersion, a final volume of 800 μl CNT 
suspension of known concentration was loaded in the 
absorption cuvettes and different aliquots with different 
dilution ratios are prepared to be measured in the absorption 
cuvettes. The dilution media is the same as the resuspended 
media (DMEM-FBS). Previously to the absorption 
measurements, the CNTs suspensions are bath-sonicated to 
assure the homogeneity. The UV-Vis absorption spectra of the 
different samples were collected in the 300–800 nm spectral 
range, using the DMEM-FBS diluting media as a reference with 
the same (single beam spectrophotometer) or a twin cuvette 
with the CNTs suspension (double-beam one). In our case, the 
wavelength selected to build our calibration curves is 550 nm. 
Interestingly, this wavelength should be selected in such a way 
that the dispersion media does not absorb at these 
wavelengths. Our media DMEM-FBS absorbs between 380 – 
440 nm (see Figure S1).  

2.5 Functionalization of CNTs for biological 
experiments

To prepare from scratch the dispersion of functionalized CNTs 
of a known concentration for experimental purposes, i.e., for 
cell culture administration; first, a stock suspension of the 
dispersant media (DMEM-FBS) with a high concentration of 
CNTs is prepared. For this purpose, an appropriate amount of 
CNTs are dispersed in fresh media. Then, a moderate 3 
minutes mild sonication at 130 W on an ice bath to prevent 
protein from coagulation is performed. Afterward, the 
suspension is low-speed centrifugated at ca 12,000 g for 10 
minutes and the supernatant, which contains the 
functionalized nanotubes, is collected for analysis. The 
absorbance of this supernatant is measured with a bench-top 
spectrometer at a fixed wavelength (typically at 550 nm) using 
the dispersant media, DMEM-FBS as reference. Using the 
obtained calibration curve (section 2.4 of Experimental), the 
concentration of the resuspended CNTs can be determined. 
Often, the initial suspension of nanotubes is too concentrated, 
when this happens, a diluted sample of the as-prepared 
dispersed CNTs dispersion is measured (i.e., it can be diluted 
1:10, 1:50 or more). In summary, the sonication step followed 
by the low-speed centrifugation procedures ensure a sufficient 
CNTs functionalization and its perfect dispersion in saline 
media, preventing the aggregation or the presence of 
micrometric CNT bundles (aggregates), while preserving the 
unidimensional morphology of these materials.

3 Results and Discussion

The quality of the commercially as-prepared CNTs used in our 
experiments was examined by TEM and Raman spectroscopy. 
Figure S2 shows images of p-MWCNTs, o-MWCNTs and SWCNT 
from Nanocyl and Sigma, respectively (see Experimental). 
These figures allow the estimation of the outer diameter of the 
CNTs, ca. 6 nm. Raman spectra of p-MWCNTs, o-MWCNTs and 
SWCNT are shown in Figure 2 (left). These typically consist of 
two intense bands and an overlapping weaker shoulder in the 
1000 cm–1 to 1800 cm–1 range. The two most intense peaks are 
assigned to the D and G bands at around 1340 and 1580 cm–1. 
They are related to the defects in the structure (D) and the in-
plane bond-stretching modes that come from the graphene 
sheet that bends to form the carbon nanotube (G). Also, a 
replica of the defect D band is measured (D’) at around 1608 
cm–1 3.
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Figure 2.- Convolution of the Raman spectra of the p- and o-
MWCNT in Lorentzian function (see text) probing the oxidation 
state of the sample and SWCNTs (left) and TEM images of the 
functionalized and dispersed o-MWCNTs after centrifugation 
step proposed in our protocol (right).

The ratio between the D and G bands depends on the 
oxidation state and surface defects of the nanotubes45. This 
ratio is an indication of the defects concentration on the CNTs 
surface and increases with the oxidation degree of the CNTs. 
Accordingly, the D’ intensity band increase in the o-MWCNT 
compared to the p-MWCTN. For the SWCNT, band D’ is not 
appreciable even after band convolution and the intensity of 
the G band is approximately twice more intense than band D 
associated with defects. Figure 2 (right) shows a representative 
TEM image of the functionalized and well-dispersed o-
MWCNTs, after the centrifugation step, no micro-aggregates 
are present. Before the low-speed centrifugation step (Figure 
S3), some MWCNTs aggregations are observed (black-spots-
like) together with the well-dispersed nanotubes and some 
darker dots due to the crystallization of the salts present in the 
culture cell media. In contrast, in the low-speed centrifuged o-
MWCNTs (Figure 2 right), the aggregates have disappeared 
and only the well-dispersed o-MWCNTs are observed.
Depending on the CNTs type (oxidized, pristine, single-walled, 
multi-walled, etc.), resuspension can be tough. Sonication in 
the presence of serum proteins helps resuspension by 
functionalizing the nanotube surfaces and it is an easy and 
efficient way to disperse MWCNTs and SWCNTs to use them in 
biological experiments, i.e. tissue culture tests. Upon 
dispersion and functionalization of the CNTs as explained in 
the experimental method (described in section 2.3 of 
Experimental), it is observed an almost opaque black liquid 
that can be cleared upon successive dilutions (Figure 3). This 
change in the appearance of the suspension can be used to 
determine the concentration of CNTs present in the 
suspension, through the measurement of the absorbance.

p-MWCNTs, o-MWCNTs and SWCNTs dispersions show the 
absorption spectra with the characteristic scattering behaviour 
(Figure S1), where no absorption bands are expected. This 
scattering is directly related to the concentration of CNTs. 
Therefore, it is possible to estimate the concentration of CNTs 

Figure 3.- p-MWCNTs and o-MWCNT perfectly dispersed in 
DMEM-FBS. The different colours of the suspensions are 
indicative of the different concentrations of CNTs in 
suspension.

in the suspension using the standard calibration curve, just 
acquiring the UV-Vis absorption spectra. The characteristic 
increase of absorption at lower wavelengths is related to the 
Rayleigh scattering, which shows a wavelength dependence as 
λ–4, and depends on the sample shape and size (Figure S1)46 
and sometimes is referred to as turbidity.
To represent the calibration curve, the absorption spectra of 
the samples prepared with different known concentrations of 
CNTs are collected (Figure 4) and representing the absorbance 
value at a particular wavelength. Here we have selected the 
absorbance at 550 nm since it is the standard configuration for 
most bench-top colorimetry equipment, but any other 
wavelength can be selected since the whole absorbance 
spectra (350-800 nm range) were measured. 
Figure 4 displays the Lambert-Beer calibration plot for p-
MWCNTs and o-MWCNTs as well as SWCNTs obtained through 
the absorption value at 550 nm.

Figure 4.- Absorbance standard curve established from a 
suspension of pristine, oxidized MWCNTs and SWCNT 
dispersed in DMEM-FBS.
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The calibration curves of p- MWCNTs, o-MWCNTs and SWCNTs 
(values in Table 1), showed in Figure 4, allow a good 
estimation of the CNTs concentration after centrifugation. It is 
worth noting that the different CNTs present different slopes 
in the curves, which is correlated with its capability of being 
dispersed in the media. The o-MWCNTs, with the lowest slope 
(a = (1.497 ± 0.013) ×10–2 µg/ml, Table 1), present the highest 
capability of dispersion in the media meanwhile the pristine 
ones are harder to dispersed and therefore its a coefficient is 
the highest (Table 1).

Table 1.- Curve fitting coefficients of the three CNTs 
suspensions measured at 550 nm at RT in a DMEM-30% FBS 
solution, obtained from Fig. 3. All the fittings have an R2 > 
0.998.

a × 102 (μg/ml) ∆a × 102 (μg/ml)
p-MWCNT 5.720 0.012

SWCNT 4.078 0.019
o-MWCNT 1.497 0.013

This difference in the dispersibility of the CNTs in the same 
media, as inferred by their different a coefficient, is due to 
their previous chemical surface functionalization. In the case of 
the o-MWCNTs, due to the oxidation process of its surface, 
display more active groups in their large surface, mainly 
hydroxyl-groups, what means that they have more bonding 
sites, being able to capture some ions and the proteins from 
the media and, therefore, being more easily dispersible47,48. 
Interestingly, there is a saturation concentration for each 
system at which the plots (Figure 4) will lose its linear 
behaviour, indicating the maximum amount of CNTs that is 
possible to resuspend without forming aggregates. For this 
reason, it should be always checked the linearity of the 
absorbance before taking the concentration value. We can do 
it by just diluting our sample and checking that the absorbance 
decrease linearly i.e. sample diluted 10%  absorbance 
decreases 10%. 
This easy method to measure the concentration of a 
suspension/dispersion of CNTs, using the absorbance spectra, 
can also be applied in other systems, measuring the turbidity, 
where the scattering of light is due to the small particles 
present in the media, and comparing the absorption value 
with previously standard curves prepared ad hoc. In this way, 
the described method could be applied for determining the 
concentration of liposomes, graphene oxide, carbon dots, etc.

Conclusions

Here we develop an effective and quick method for biological 
functionalization and accurate determination of the 
concentration of CNTs in culture media containing serum 
proteins. This functionalization technique disperses CNTs 
individually and helps in their resuspension and stabilization in 
saline solutions, endowing CNTs with a biological identity that 
is key in many biological applications. Using the absorption 

measurements, it is feasible to determine the exact 
concentration of CNTs in these suspensions, and thus the exact 
concentration of CNTs administrated to the cell culture. The 
advantage of this method overall is that it is not only valid for 
CNTs and could also be easily extended to other nanomaterials 
that present light scattering within the region of interest.
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