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Abstract

Onion-like carbon nanoparticles were synthesized from diamond nanoparticles to be used as the 

precursor for graphene oxide quantum dots. Onion-like carbon nanoparticles were exfoliated to 

produce two types of nanoparticles, graphene oxide quantum dots that showed size-dependent 

fluorescence and highly stable inner cores. Multicolor fluorescent quantum dots were obtained and 

characterized using different techniques. Polyacrylamide gel electrophoresis showed a range of 

emission wavelengths spanning from red to blue with the highest intensity shown by green 

fluorescence. Using high-resolution transmission electron microscopy, we calculated a unit cell 

size of 2.47 Å in a highly oxidized and defected structure of graphene oxide. A diameter of ca. 4 

nm and radius of gyration of ca. 11 Å were calculated using small-angle X-ray scattering. Finally, 

the change in fluorescence of the quantum dots was studied when single-stranded DNA that is 

recognized by telomerase was attached to the quantum dots. Their interaction with the telomerase 

present in cancer cells was observed and a change was seen after six days, providing an important 

application of these modified graphene oxide quantum dots for cancer sensing.
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Introduction

Carbon based quantum dots (graphene oxide quantum dots (GOQD), graphene quantum 

dots, and carbon dots) have been synthesized in many different ways that can be grouped 

into two approaches: top-down1–4 and bottom-up5–7. Top-down approaches mostly use 

graphite as starting material, although many others have been employed such as carbon 

nanotubes,8 XC-72 carbon black,9 graphite nanofibers,10 graphite rods,11 activated charcoal,
12 and even single buckminsterfullerenes.13 In the last few years, emphasis has been given in 

the synthesis of carbon dots3, 14 obtained from coal due to the abundance of this carbon 

source as studied by J. M. Tour et al.15 Bottom-up approaches use aromatic molecules as 

starting materials, which are nucleated and grown up to the required size3, 14, 16–17.

GOQD synthesized from other carbon materials have been vastly studied for many years, 

due in part to the attention obtained by graphene, a two-dimensional carbon-based material 

that is only one-atom thick and exhibits outstanding properties scarcely found in other 

materials. Graphene oxide, however, is obtained through the exfoliation of graphite-like 

carbon materials, and it consists of a one-atom thick material with the addition of carbon-

oxygen moieties that may stand out of the edges and both sides of the basal plane.18 The 

oxidation of these carbon-based materials separates the carbon layers, with the addition of 

oxygen atoms, enough to break van der Waals interactions between them for further 

exfoliation into separated nanosheets. Due to the strong oxidation procedure, graphene oxide 

nanosheets are broken down into very small pieces of less than 10 – 15 nm called graphene 

oxide quantum dots, which behave as confined spaces for the electrons, exhibiting a new 

array of properties not shown by graphene oxide. GOQD have very high solubility in 

aqueous solutions while still maintaining areas of sp2 structure that allow for the interaction 

with hydrophobic molecules19. GOQD exhibit fluorescence and the emitted wavelength 

depends on their size and degree of oxidation. Carbon-based quantum dots are known to 

have low quantum yields compared to metal-based quantum dots, with reported values for 

GOQD quantum yield as low as 0.4%20, with typical values between 7 and 22.9%4, 16, 21–25. 

Carrier lifetimes have been measured for GOQD with typical values between 0.45 and 6.98 

ns26–28. Their fluorescence has been used for different sensing applications such as cells24 
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and tumor29 imaging, bacterial detection30, and iron detection31, among others. GOQD have 

been synthesized from different carbon materials32 with outstanding properties required for 

biomedical applications such as biocompatibility. However, GOQD with only blue and UV 

fluorescence were synthesized until now using carbon nano-onions (CNO) also called onion-

like carbon nanoparticles.32 In this work, using a stronger oxidation (concentrated sulfuric 

acid with potassium permanganate) with the use of a second acid (phosphoric acid),18 we 

were able to obtain multicolored fluorescent quantum dots, which may be related to the 

extent of the oxidation of the quantum dots. The generation of a broader spectrum of visible 

light from GOQD is important for biological applications as well as their biocompatibility.

There has been a vast amount of work done in the different type of carbon-based quantum 

dots with specific applications of GOQD ranging from metal sensing,32 cell imaging,9 

nanofiltration,33 to transistors,34 among others. In our work, we will be using GOQD for 

cancer sensing, specifically telomerase-active cancer, which is 85% of cancer. Using onion-

like carbon nanoparticles, we have been able to synthesize GOQD using an iterative process 

which progressively “peels off” the layers of the onion-like structures as shown in Figure 

1A. We expected to obtain GOQD from the graphitic structure of CNO (Figure 1B). GOQD 

obtained exhibit fluorescence that depends on the light used for excitation.35–36 Due to the 

dependence of the fluorescence of GOQD on the environment, experiments were conducted 

to study their use as sensing elements for cancer. Particularly, telomerase was chosen as the 

biomarker for cancer due to its presence in 85% of cancer and its absence (or negligible 

concentration) in normal somatic cells.37–38 After six days, we were able to show the use of 

modified GOQD using single-stranded DNA that recognizes telomerase as a sensing 

platform for cancer cells by their change in fluorescence.

Results and Discussion

Many iterations were done for the preparation of CNO from diamonds using the high 

temperature furnace in which we varied the time at which the diamond nanoparticles were 

maintained at 1,650 °C. We found that at 2 hours the formation of silicon carbide was 

produced, as seen in Figure 2A with the sharp peaks at ca. 35.5, 41.3, 41.7, 59.9 and 71.7 

deg (+) due to the presence of up to 1,000 ppm of silicon dioxide in the diamond 

nanoparticles that reacted at high temperature to form carbides. The sharpness and height of 

the peak was due to the structure and size of the silicon carbide nanoparticles formed even 

though the quantity is very small. After changing the time to 30 mins, these peaks disappear 

with only traces that are removed during the synthesis of graphene oxide quantum dots. The 

broad peaks that are seen at ca. 25.1 and 43.7 deg (*) correspond to CNO. The width of the 

peaks was due to the small size of the nanoparticles according to the Debye-Scherrer 

equation that states that the smaller the nanoparticle, the broader the peak, due to smaller 

crystallites. Using the Debye-Scherrer equation for both peaks that correspond to CNO gives 

us a crystallite size of 1.7 and 2.1 nm, respectively, while using the same equation for the 

peaks corresponding to silicon carbide gives ca. 40 nm of crystallite size.

Raman spectroscopy shown in Figure 2B was used to characterize and compare the CNO 

synthesized with the diamond nanoparticles. The spectra of diamond nanoparticles and CNO 

showed a broader peak at ca. 1,320 cm−1, which is related to the defects in the surface of the 
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nanoparticles, called the D peak, as well as a more defined peak at ca. 1,600 cm−1, which is 

related to the graphitic sp2 structure, that is called the G peak. The presence of the latter 

peak at the diamond nanoparticles was due to the carbonaceous impurities produced during 

the synthesis of the diamond, which was lost during the high temperature synthesis of CNO. 

In the case of the CNO obtained by the procedure of 30 minutes, the D and G peaks were 

located at 1,340 cm−1 and 1,575 cm−1, respectively.39 These peaks had a small shift from 

nanodiamonds to CNO toward higher Raman shifts. D peak represented the A1g vibrational 

mode which is associated with the sp3 carbon atoms that are present in defective graphitic 

areas. The G peak is characteristic of the E2g vibrational mode corresponding to the sp2 

carbon atoms.39–41 The 2D broad peak is an overtone of the D peak shown between 2,550 – 

3,000 cm−1 corresponding to double resonance transitions from the production of two 

phonons with opposite momentum.42 At the end, we were able to synthesize reproducible 

onion-like carbon nanoparticles which were used for the synthesis of GOQD.

Graphene Oxide Quantum Dots Synthesis

One of the most important details to have in mind when preparing GOQD from onion-like 

carbon nanoparticles is that the byproducts of the synthesis have almost the same size of the 

GOQD. This requires additional care to ensure that no other materials that may be 

deleterious to biological samples stay with the final sample. Therefore, the samples were 

centrifuged at 15,000 rpm and the supernatant was separated until no precipitate was found. 

Then, the solution was neutralized using NaOH. The fluorescence was seen using a 

transilluminator with a 365 nm light, and it was observed that it changed at different pH. 

This was expected since graphene oxide is reported to have different functional groups that 

are protonated at different pH.43 This makes the GOQD aggregate at lower pH diminishing 

fluorescence intensity, and makes them separate at higher pH with an increase in 

fluorescence. The solution also contained high concentration of salts that shields the 

negativity of the GOQD and promotes the aggregation, which contributed to the low 

fluorescence intensity as can be seen in Figure 3A. In order to purify the samples from the 

salts, dialysis tube membranes were used. It is easily observable from the fluorescence of the 

samples in Figure 3, the effect of the dialysis. An aliquot of the sample, after each day of 

dialysis, was observed using a transilluminator with a 365 nm light. The change in the 

fluorescence is obvious after the first day of dialysis (Figure 3B) and it becomes less notable 

in the following days (Figure 3C–E) since the intensity seems to stay the same. Different 

dialysis membranes were tested starting from 100 kDa and decreasing the pore sizes, 

however, the 5 kDa membrane was the one with the biggest pore that did not decrease the 

fluorescence of the sample noticeably after four days.

After dialysis, two methods were tried to dry the sample to obtain GOQD in powder form, 

using vacuum alone and using lyophilization. Using vacuum alone, most of the solution was 

evaporated until the concentration was high enough for the intermolecular forces between 

GOQD and water to stop the drying process, at which point the water evaporation stopped. 

A highly concentrated solution of GOQD was obtained without further drying. Using 

lyophilization, however, the samples were easily dried after freezing them with liquid 

nitrogen. Powdered GOQD after lyophilization is shown in Figure 3F.
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Once GOQD samples were obtained in powder, they were weighted and dissolved in 

nanopure water at a concentration of 1 mg/ml. Using UV-Vis absorption spectroscopy, 

shown in Figure 3G, a calibration curve was obtained (R2=0.99) with concentrations ranging 

from 1 to 10 μg/ml (Figure 3G, insert) and using the absorption peak at 226 nm. The 

extinction coefficient was found to be ε=0.0311 ml/cm μg using Beer-Lambert’s Law. UV-

Vis absorption spectroscopy showed two peaks, one very intense at 226 nm that corresponds 

to the π→π* transition of C=C bonds with hybridization sp2, and a shoulder at 270 nm due 

to the n→π* transition of C=O bonds.35–36

X-ray photoelectron spectroscopy (XPS) was used to compare CNO with GOQD as shown 

in Figure 4. Figure 4A and Figure 4B show the entire spectra of CNO and GOQD, 

respectively, with only the carbon 1s and oxygen 1s peaks. It is clearly seen that the oxygen 

peak is much higher in the GOQD spectrum compared to CNO, which is due to the highly 

oxidative synthesis used to prepare GOQD. This was also seen in the carbon 1s peak as 

shown in Figure 4C and Figure 4D. The carbon 1s peaks show the difference in 

hybridization of the carbon atoms after the highly oxidative process to produce GOQD. The 

XPS spectrum of CNO (Figure 4C) showed a high atomic proportion (73.9%) of carbon sp2 

with a peak at a binding energy of 284.51 eV, which was contrasted to the proportion found 

in GOQD (5.6%), which was much lower due to the high oxidized procedure used for the 

synthesis. On the other hand, the proportion of the carbon-oxygen moieties found in GOQD 

(Figure 4D) is much higher (94.4%) compared to the proportion in CNO (26.1%). Taking 

into account the error in this technique when used for atomic proportion measurement, the 

change in carbon moieties proportion is high enough to understand the important change 

produced by the synthesis in the final structure of GOQD. Comparing the GOQD obtained 

in this work with previously published GOQD from CNO,32 we hypothesize that the higher 

extent of oxidation produced by our synthesis and confirmed with XPS (Figure 4D) 

influenced the generation of the wide spectrum of emitted multicolored visible light.

Atomic Force Microscopy (AFM) was used to investigate the size of the GOQD as shown in 

Figure 5A–D. Figure 5A and Figure 5B show the height and amplitude, respectively, of the 

GOQD when placed on mica. The size of the images was 1 μm by 1 μm with a color scale 

for the height between −2.6 and 3.4 nm, and for the amplitude between −21.3 to 20.7 mV. 

Figure 5C shows the histogram of particle diameter with a peak at 12 nm shown by a black 

arrow. Additionally, Figure 5D shows the histogram of particle height with the main peak at 

ca. 0.4 nm, which is consistent with single layer GOQD, with additional smaller peaks at ca. 

0.9 nm and ca. 1.3 nm, indicated by black arrows, consistent with dual and triple layered 

quantum dots.

GOQD were found to have less than 10 nm as seen by the high resolution transmission 

electron microscopy (HRTEM) images in Figure 5E–G, at different magnifications. Figure 

5E shows GOQD as back dots evenly spaced in the holey carbon grid, Figure 5F shows the 

GOQD at higher magnification with a size smaller than 10 nm as was expected given that 

CNOs are known to be less than 10 nm diameter. Figure 5G is showing a GOQD at high 

magnification and high resolution where the structure of graphene oxide is clearly seen. The 

unit cell was calculated using an average of 10 unit cells measured as shown in red and 

green lines in Figure 5G, with an average of 2.47 Å which is in agreement with the 
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literature.44 Differently to other reports in the literature,45 these GOQD are highly oxidized 

and defected as seen in their structure observed in the HRTEM. The size of these 

nanoparticles allows the electrons to behave as in a quantum space, which makes the 

quantum dots exhibit fluorescence.

Fluorescence of GOQD

Normally, fluorescence is seen when a high energy photon is used to excite the material such 

as UV light, and the fluorescence is emitted in with a lower energy such as visible light. In 

GOQD we have measured the fluorescence in a range of wavelengths, and we have found 

something that seems like upconversion fluorescence and has been reported in the literature 

as such.46–49 Moreover, they are reported with the intensity as high as the fluorescence even 

though it is known that the probability of two-photon fluorescence is much lower.47–48 We 

have to be careful to make sure that it is understood that what seems like upconversion 

fluorescence when using a xenon lamp is due to the second order of the excitation 

monochromator and has been explained in different published papers.50–52 However, there 

are still papers being published after these clarifications using xenon lamp based fluorescent 

instrumentation to measure and claiming upconversion fluorescence.47–48 According to the 

published literature that take the precautions to make sure that upconversion fluorescence is 

real, only using high power pulsed lasers very low intensity upconversion fluorescence can 

be observed in GOQD.51

Figure 6A and Figure 6B show the fluorescence of water and GOQD solution, respectively. 

Figure 6A shows the fluorescence with only water to use as a baseline and the peaks seen 

are due to the water, artifacts, the excitation light, and the overtones. Figure 6B shows the 

fluorescence exhibited by GOQD where the Y axis shows the wavelength used to excite the 

quantum dots, and the X axis shows the wavelength emitted by the quantum dots. It is 

important to clarify the lack of upconversion fluorescence seen with common desktop 

spectrophotometers because it may be tempting to think that the fluorescence seen in the 

upper-left quadrant of Figure 6B could be due to this two-photon process. GOQD 

synthesized by this method exhibited fluorescence between 400 nm and 600 nm when 

excited with wavelengths between 260 nm and 540 nm. Moreover, the same fluorescence is 

again seen due to the second order signal in the upper-left quadrant.

Once the synthesis was successful, we hypothesized that different sizes of GOQD were 

present with different fluorescence emission wavelengths due to the form of the fluorescence 

peaks seen in Figure 6B. In order to understand the composition of the sizes of our quantum 

dots to provide these shifting peaks we performed polyacrylamide gel electrophoresis 

(PAGE) to separate them by charge and size. These quantum dots are negatively charged at 

neutral pH, which made them perfect for this separation technique. Agarose gel could not be 

used due to the small size of the quantum dots in order to have a good separation. Figure 6C 

shows the 20% PAGE of three samples of GOQD after applying 100 V for 2 hours on a 

transilluminator with 365 nm UV lamps. The quantum dots separated in a continuum of 

different sizes with the different wavelengths emitted by the different sizes. As it was 

expected and in agreement with literature,3 the smaller quantum dots are lower in the gel and 

emitted blue fluorescence, and the bigger the quantum dot, the higher in the gel, and the 
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higher the wavelength emitted; therefore, showing a dependence of the wavelength emitted 

to the size of the GOQD. Figure 6D confirms the appearance of different sizes of GOQD by 

having different emission peaks when using different excitation wavelengths with a decrease 

in intensity due to the lower amount of GOQD excited according to the concentrations of 

each of the different sizes. This effect has been seen in the synthesis of graphene-based 

quantum dots.53

Once the GOQD were characterized, the cytotoxicity in Astrocytoma Cells was investigated 

using the MTT proliferation assay, which is a colorimetric assay used to study the cell 

metabolic activity, and correlated to the viability as seen in Figure 6E. In this experiment, 

Astrocytoma cells were exposed to GOQD for one day except for the control in which 

nothing was added, and the 0 μg/ml that only water was added. The experiments were done 

in triplicate and the standard deviation is seen in the error bars. As can be clearly seen in 

these results, there is no effect on the cytotoxicity up to 100 μg/ml.

SAXS Characterization

GOQD were studied by small angle X-ray scattering (SAXS) in MacCHESS,54–56 F1 line, at 

different concentrations in water from 100 to 40 μg/ml. Graphene oxide nanosheets in 

nanopure water have more than half of their functional groups protonated43, which promotes 

agglomerations at high concentration. Moreover, SAXS intensity for GOQD is low due to 

their small size, creating a compromise where the concentration must be high enough to 

have reliable data while avoiding agglomeration. Figure 7 shows a Log(I)-q SAXS plot of 

water and GOQD at different concentrations57. The Guinier plot, after background 

subtraction, is shown as an insert, and it was used for assessing agglomeration58. At low q2, 

the data points are increased in 100 μg/ml, showing aggregation of quantum dots, which is 

decreased at lower concentrations. Using the slope, the radius of gyration (Rg) was 

calculated at each concentrations and shown in Table 1. At 100 and 80 μg/ml, Rg appears to 

be higher due to aggregation of quantum dots, compared to 60 μg/ml and 40 μg/ml, which 

shows a smaller Rg. These GOQD are expected to be curved due to some five-carbon rings 

which come from the fullerene-like structure of the exfoliated shells of CNO. However, the 

small curvature and size makes them almost disk-shaped, shown by the long linear region 

seen also at low q2 in the Guinier plot.

The Pair Distance Distribution Function (P(r)) in Figure 7 shows clearly the difference 

between the agglomeration at different concentrations. It is noteworthy that at 40 μg/ml the 

quality of data decreases vastly making it difficult to obtain a reliable P(r) curve. Assuming 

that GOQD agglomerate piling one on top of the other, Dmax, the diameter of the quantum 

dots, almost does not change with concentration. However, the position of the peak in P(r) 

and the width changed due to the increased thickness generated by the agglomeration. Dmax 

was obtained as ca. 4 nm, which correlates with literature for average size of GOQD with 

blue-green fluorescence.10 Using P(r), we calculated Rg in the real space by integrating r2 

over all the Pair Distance Distribution Function and obtained a value of ca. 11 Å, which 

confirms the approximation done by the Guinier plot. The Rg and I(0) calculated at each 

concentration the different methods are shown in Table 1.
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Fluorescence Change with Telomerase

After the synthesis, characterization, and biocompatibility testing of GOQD, we 

hypothesized that their fluorescence may be modified with different molecules interacting in 

their surface. This would provide an optical indication that may be used for sensing. 

Therefore, we designed an experiment to make a proof-of-concept that would show the 

change in fluorescence produced by the interaction of GOQD with single stranded DNA of 

different sizes attached to their surface that was elongated by telomerase. Telomerase is an 

enzyme that is present in 85% of cancer which has been the object of study of different 

sensors in the last few years to detect cancer.37, 59

In order to show the change in fluorescent of GOQD in their interaction with telomerase as a 

biomarker for cancer, single stranded DNA (ssDNA) probes were tethered to the surface of 

the quantum dots that include the sequence 5’-TTAGGG-3’ at the end, which is known to be 

recognized by the enzyme telomerase to elongate the strand repeating the same sequence.37 

Using nuclear extracts from T-cells, cancer-positive (Jurkat cells) and negative (PBMC) 

samples were tested, finding that the presence of this enzyme changed the fluorescence of 

the quantum dots as can be seen in Figure 8.

Based on these results, it was hypothesized that the change in the emission wavelength of 

the fluorescence emitted by GOQD-DNA when illuminated with UV light is due to the 

elongation of the telomere-like probe on the surface of the quantum dots. It has been 

reported that ssDNA has affinity toward the non-polar areas of the graphene oxide 

interacting non-covalently by intermolecular forces.60–61 Double stranded DNA, however, 

cannot bind to GOQD due to the helix formation.

Conclusions

GOQD have been synthesized from CNO by oxidation and exfoliation of their atomic layers. 

Raman and XRD characterization showed the confirmation of their synthesis while avoiding 

the formation of silicon carbide. After purification, the synthesis produced a wide range of 

sizes of GOQD that had different emission wavelengths. The shift in the emission peak was 

seen with the excitation wavelength and PAGE was used to show the difference in 

fluorescence at different sizes. The radius of gyration of GOQD was calculated using SAXS 

and both the Pair Distribution Function and the Guinier Plot produced a similar value of ca. 

11.5 Å. Moreover, Dmax was found to be ca. 4 nm, which increased with concentration due 

to agglomeration of GOQD. Given the biocompatibility of GOQD, they were used as 

fluorescent probes by modifying them with single stranded DNA designed to be elongated 

by telomerase. The change in fluorescence with time was measured when telomerase is 

present in cancerous vs non-cancerous T-cells nuclear extracts. Several clear emission peaks 

were found after six and seven days in presence of telomerase that were not seen in non-

cancerous cells. In this way, we were able to show the novel application of using modified 

GOQD for telomerase-positive cancer sensing by exploiting their change in fluorescence 

when interacting with telomerase.
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Figure 1 –. 
(A) Scheme of synthesis procedure for graphene oxide quantum dots and (B) summary of 

the expected results from the chemical synthesis.
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Figure 2 –. 
(A) X-Ray Diffraction of diamond nanoparticles, onion-like carbon nanoparticles processed 

for 2 hours (CNO 2 hrs) and for 30 minutes (CNO 30 min) to avoid the formation of silicon 

carbide. (B) Raman Spectroscopy of diamond nanoparticles and onion-like carbon 

nanoparticles (CNO 30 min).
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Figure 3 –. 
Graphene oxide quantum dots aliquots obtained (A) before and (B-E) after each day of 

dialysis excited with UV light (365 nm) in a transilluminator, as well as after (F) 

lyophilization. (G) UV-Vis absorbance measured at different graphene oxide quantum dots 

concentration in water and (insert) calibration curve.
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Figure 4 –. 
X-ray photoelectron spectra of (B) onion-like carbon nanoparticles (CNO) and (C) graphene 

oxide quantum dots (GOQD).
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Figure 5 –. 
Atomic Force Microscopy images of (A) height and (B) amplitude. (C) Particle diameter and 

(D) particle height histograms showing peaks centered on 12 and 0.4 nm, respectively. 

Graphene oxide quantum dots seen using High Resolution Transmission Electron 

Microscopy at (E) low magnification, (F) medium magnification, and (G) high 

magnification with unit cell measurements. Black arrows represent the peaks seen in each 

histogram.
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Figure 6 –. 
Fluorescence emission maps of (A) water as baseline and (B) graphene oxide quantum dots 

in water. (C) Multicolor fluorescence emitted by graphene oxide quantum dots in 

polyacrylamide gel with an excitation wavelength of 365 nm. (D) Excitation-dependent 

fluorescence emission of graphene oxide quantum dots and (E) cell viability experiment 

using MTT colorimetric assay for quantum dots exposure during one day to Astrocytoma 

cells
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Figure 7 –. 
(A) Small angle X-ray scattering data for different concentrations of graphene oxide 

quantum dots and nanopure water. (A, Insert) Guinier Plot for calculation of radius of 

gyration (Rg) and I(0), which showed agglomeration at a high concentration. (B) Pair 

Distance Distribution Function (P(r)) showing a change in the peak position and width, with 

little or no change in Dmax. This behavior can be attributed to the agglomeration of 

nanosheets at high concentrations.
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Figure 8 –. 
Fluorescence of GOQD in nuclear extracts of (a) PBMCs and (b) Jurkat cells at different 

times.
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Table 1 –

Results for Graphene-Oxide Quantum Dots obtained by SAXS.

Concentration (μg/ml) Dmax (Å)
Rg (SD) (Å) I(0) (SD) (Å) Rg (SD) (Å) I(0) (SD) (Å)

Guinier Method P(r) Method

40* 39.56 9.82(0.73) 0.78 (0.04) 10.99 (0.68) 0.79 (0.37)

60 41.62 8.93 (0.50) 1.05(0.03) 10.58(0.77) 1.10 (0.42)

80 42.26 10.31(0.52) 1.65 (0.04) 11.19(0.47) 1.69 (0.42)

100 43.12 11.34(0.43) 1.87(0.05) 11.76(0.37) 1.88 (0.42)

*
SAXS data was not intense enough to obtain a reliable P(r).
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