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Goal : Obtain particle size distributions (PSDs) of Ti,C, MXene nanoparticles in
aqueous suspension using DLS

Procedure :

Sample preparation

« Bulk concentration Ti,C, product suspensions, of concentrations given in
[Experiment] Optimisation of MXene synthesis - Yield calculations, are diluted
from to give a volume of ~1.2mL at 0.1 wt%. Dilutions are detailed in the
table below, where suspension density is approximated to 1 g cm™®

Run N°/ # Volume of bulk suspension /IL | Volume of deionised water / IL
1 51 1149
2 98 1102
3 50 1150
4 1091 109
5 62 1138
6 51 1149
7 308 892
8 250 950
9 52 1148
10 308 892
11 500 700
12 156 1050
14 107 1093
15 194 1000
16 65 1135

« Dilution is carried out by extracting a quantity of the bulk supension using a
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Gilson Pipetman P200 micropipette and D200 tips and transferring to a glass
vial. The desired quantity of deionised water is measured in the same way.

o If a stated target volume exceeds 1 mL, then a 1mL disposable pipette is used
to transfer that quantity

 Suspensions are homogenised throughout with vortex mixing

« Final concentration suspensions transferred to cuvette with Pasteur pipette -
cuvette exterior gently dried if necessary

DLS operation

Standard Operating Procedure (SOP) settings (size measurement type):

« Narrow band filter fitted

« Material properties (Rl = 1.7, absorption = 0.9)

« Water dispersant (I = 0.8872 cP, Rl = 1.330)

« Use dispersant viscosity as sample viscosity

« Temperature = 25 °C with 120 s equilibration time

« DTS1070 folded capillary cell only

« 173 ° backscatter measurement angle

« Automatic measurement duration

« Three measurements per sample

« Automatic attenuation selection and positioning method seeking optimum
« General purpose (normal resolution) analysis model only

Results :

All measurement outputs and variables indicative of data quality are detailed in the
table below. All individual measurements returned a polydispersity index (PDI) >
0.1, which defines the threshold below which outputs can only be compared
guantitatively. Despite this, the combination of three measurements for one
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sample did meet the data quality criteria defined in the analysis program
(Zetasizer) : all data quality indicators are highlighted in green in that row (Run #7).

Run N°/ |Z-average / Z-average std / Number mean Number mean | PDI/ PDI std Derived mean count rate / | Derived mean count rate o, Intercept |Inrange/ |Inrange
# d.nm d.nm /d.nm std dimensionless keps std Pt std % std
1 3641 515.3 2051 425.1 0.480 0.266 |9771.5 3579.9 0.952 0.021 771 1.64
2 2888 633.1 344.4 97.41 0.986 0.025 |8416.3 1262.7 1.42 0.194 81.9 1.18
3 1779 338.6 938.4 123.9 0.406 0.211 48133 702.7 1.01 0.091 81.2 1.01
4 286.2 65.6 92.83 35.67 0.440 0.053 |599.3 25.2 0.837 0.008 89.2 1.83
5 1750 3143 852.5 212.9 0.599 0.088 |2910.5 353.7 0.920 0.045 771 2.35
6 2208 268.7 463.7 147.7 0.945 0.017 |5305.3 9134 117 0.095 76 5.14
7 540.5 6.086 277.3 15.43 0.409 0.031 |373.9 0.8 0.841 0.003 96.7 0.84
8 812.9 1344 251.8 26.57 0.691 0.040 151383 1336.4 1.07 0.035 88.5 1.80
9 2952 199 773 2271 0.377 0.011 |277.5 8.9 0.769 0.01 91.3 25
10 902.9 195.3 198.1 34.78 0.82 0.162 |109.6 20.7 0.968 0.062 72.6 2.86
11 4935 942.2 2419 233.1 0.574 0.378 44735 821.3 0.965 0.086 69.7 12
12 1728 2518 685.6 173.5 0.737 0.169 |6584.3 871.2 1.04 0.122 779 0.85
14 3264 261 1148 642.7 0.534 0.438 |2058.7 11071 0.956 0.057 65.5 2.62
15 1628 2483 626.7 66.04 0.789 0.133 |1459 2258 0.991 0.061 761 246
16 2591 201.2 859.2 3287 0.743 0.235 |640.4 2932 0.913 0.053 67.4 4.34

Runs #4 & 9 are highlighted in yellow, as three of the four quality indicator
variables are in a suitable range, and the fourth (percentage in range) is greater
than all other run averages. Common to all of Runs 4, 7 and 9 in the intensity PSDs
is a sharp drop-off in density at the larger end of the particle dimension scale: this
corresponds to a poor cumulants and distribution fit to the correlogram on longer
timescales, corresponding to those larger particle dimensions. Run #5 is also
highlighted in yellow as three of the four quality indicators are suitable, and shares
a similar issue, in that the cumulants analysis fits well, but distribution analysis
does not on longer timescales.

.dts is the raw datafile which can be read into the Zetasizer software program, .csv
is an exported, comma-separated summary of the .dts datafile and .png files are
the plotted data; particle diameter (on a log scale) is plotted against the mean
percentage of that diameter interval contributing to the intensity-based and
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number-based particle size distribution for each synthesis run. Vertical lines
spanning the whole plot height are mean Z-average and number mean values
(quoted above), where the regions of matching colour spanning left and right of
this value correspond to its standard deviation.

Conclusions:

The intercept regularly exceeding 1, PDI exceeding 0.6 and low in-range
percentages suggest any one of a number of issues with the samples, including
large or sedimenting particle presence, unsuitable suspension concentration or
sample polydispersity too high for DLS measurements. In combination with the
zeta-potential measurements (detailed in [Experiment]| Zeta-potential
measurement of MXene suspensions ll), the first option can be ruled out for 11 of
these measurements. Certainly, concentration optimisation should have been
carried out for each individual synthesis run to ensure no impact stemmed from
this variable, as this has a particle-size dependence on the optimal value. However,
the fact that nearly all samples give a high multimodal fit error does suggest that
this sample type may be inherently too polydisperse. The software does have an
option to extend duration for large particles, which also should have been tested.

Attached files

2021-05-06_Size.csv
sha256: 428fc7bc5fab78c71aa9bb683d67a1a3d1ba36336afdf7b27f575eb03f8871c7

2021-05-06.dts
sha256: c4df992aebdc305b0d5c60de5a2e071480e3262416b0fc7deOad346e1d448dbd

DLS_SynthOpt_PSDComp_Runi11.png
sha256: 83cc82919d77522f5dd4f723c88922cc117c024db6aa24ala2cad29391f96da2f

PDF generated with elabftw, a free and open source lab notebook

File generated on 27-01-2023 at 14:36


https://frankel-elab.manchester.ac.uk/experiments.php?mode=view&id=81
https://frankel-elab.manchester.ac.uk/experiments.php?mode=view&id=81
https://www.elabftw.net

Dynamic Light Scattering (DLS) for nanoparticle
size-distribution acquisiton Il
Date: 2021-05-05

Tags: PSD DLS Article 1 Synthesis Optimisation
Created by: James Bird 5/7

DLS_SynthOpt_PSDComp_Run10.png
sha256: 9ccd4cba3f6faf99996cd49f42753e01e9f218bb57263ec08374d658fd7533cd

DLS_SynthOpt_PSDComp_Run4.png
sha256: aaf9204de2781f671dd64430e1d63de0352551e3e9f491d7eeb6306d6f0d5c5d

DLS_SynthOpt_PSDComp_Run9.png
sha256: 2d3f3d318ff967ca8991de38544b8baf1d35113ef5e7cb2b01b550036€2c2168

DLS_SynthOpt_PSDComp_Run8.png
sha256: e356b8a80d0a9c11233e3e84dcca50652a1592ecfbb8134badfb9012el1bd56bc

DLS_SynthOpt_PSDComp_Run7.png
sha256: 1965842b721a492375f5efc3f640b7fdc2ec27e57ca9ecf00375ed84373a19fd

DLS_SynthOpt_PSDComp_Runé.png
sha256: 79¢75bd0d666704073f26fe3837cd3614d35d21cabba7c7e797d58a311a3383e

PDF generated with elabftw, a free and open source lab notebook

File generated on 27-01-2023 at 14:36


https://www.elabftw.net

Dynamic Light Scattering (DLS) for nanoparticle
size-distribution acquisiton Il
Date: 2021-05-05

Tags: PSD DLS Article 1 Synthesis Optimisation
Created by: James Bird 6/7

DLS_SynthOpt_PSDComp_Run5.png
sha256: ae4f7c0de7ebbddé6db56c5db4499c6dd2ab9fa5cal35b19a594446ce9ed27330

DLS_SynthOpt_PSDComp_Run3.png
sha256: 01f99004eea2c093b55c87aae72f8deaal31492d0907977261c5615132b1c3c8b

DLS_SynthOpt_PSDComp_Runi.png
sha256: 26e5d7711a42123c824bef8a54450b93cf487d7b20345f4ff19e1ab407f7b70a

DLS_SynthOpt_PSDComp_Run2.png
sha256: 6e67a2d607f418e5e8cd6344219ba519d713df4d34c2eceabff810dbd70c41f7

DLS_SynthOpt_PSDComp_Run16.png
sha256: 91c9f94f167c93fe88d5ed573d7d551d7cc71cabb93a26be2db1dd51f48931bf

DLS_SynthOpt_PSDComp_Run15.png
sha256: d2fa84c6f4cf5ae2b451a0dc4083f847fee579fc4b2ee63e3f388ae285922690

PDF generated with elabftw, a free and open source lab notebook

File generated on 27-01-2023 at 14:36


https://www.elabftw.net

Dynamic Light Scattering (DLS) for nanoparticle
size-distribution acquisiton Il
Date: 2021-05-05

Tags: PSD DLS Article 1 Synthesis Optimisation
Created by: James Bird 7/7

DLS_SynthOpt_PSDComp_Runi14.png
sha256: 7776599bc6b5188a45457d5e5480b85c94305ad8e28a€a805483e1c947557ala

DLS_SynthOpt_PSDComp_Run12.png
sha256: 6¢c26dc7e9c0ab4043c0c4a1a32b5938cdcb585%9eaaaa32a101ddcc35194dee8d

Unique eLablD: 20230124-456a4f1c09da999803a6f0e7e5eecf9c5ebcdcl7
Link: https://frankel-elab.manchester.ac.uk/experiments.php?mode=view&id=80

PDF generated with elabftw, a free and open source lab notebook

File generated on 27-01-2023 at 14:36


https://frankel-elab.manchester.ac.uk/experiments.php?mode=view&id=80
https://www.elabftw.net

