Analysis of a technique for synthesis of size-controlled colloidal bismuth nanoparticles
Max Planchon, Dr. Jason Vohs
Chemistry Dept. St. Vincent College, Latrobe, PA, United States

Abstract Method . . . . \\ Figure 5: The graph above depicts the results of
Research was performed to analyze and attempt to modify a pre- Nanoparticle synthesis used a 5 PVP to BiCl; ratio®, as done by Wang et. | three samples run using UV-Vis spectroscopy,
existing bismuth nanoparticle formulation. This method involved a al. NP synthesis and solution prep began when 0.2779 g of PVP polymer | namely, a solution of PVP polymer in DMF
o ' . CoL . : solvent (blue), this solution to which salt has
metal salt precursor, a carbonyl-containing polymer for size control, a was added to 50 mL of distilled dimethyl formamide (DMF) solvent. been added(red), and the final nanoparticle
research sought to modify the polymer used previously in the oxygenated atmosphere. The polymer matrix solution was degassed using | ~l described in the Wang et. al. paper.
literature, though solubility issues prevented this exploration. Thus, nitrogen for five minutes before salt was added, and a small aliquot was — !
analysis Of the efficacy Of the previously investigated technique in taken fOI‘ analyS|S bEfOI‘e 50 mL Of 3 M 50d|um bOFOhydrlde SOIUUO” Was
yielding a nanopartice product and analySiS Of the Size_control aCdEd {o FEduce the Salt The SOlUt|On Was SeparatEd INtO 25 ml_ test
relationship between polymer and metal salt ions in solution was tubes, acetone was added, and the tubes were sealed to prevent
performed. IR Spectra confirmed the interaction between the exposure to oxygen. The tubes were placed in a tabletop centrifuge and 3_
Carbonyis Of the polyvinyipyrro“done and Bi3+ ionS. UV‘V|S|b|e Spectra Spun to cause GIUtion Of the nanopartiCIG prOdUCt. The SO|Vent Was \ \\ Figure 6: The graph above depicts the results of
. . . o . . : 1 three samples run using UV-Vis spectroscopy,
were used to Confirm that |ight_scattering Characteristics Of the E).(traCted.from the EIUtEd partIC|es, Wh|Ch were resuspendEd |.n DMFand | namely,asolution of PVP polymerin DME
product were consistent with that of a nanoparticle product. A size- diluted with water to create a 30 partS water to 1 part NP solution ratio. 8 solvent (blue), this solution to which salt has
controlled nanoparticle product was confirmed to have been UV-Vis 2  been added(red), and the final nanoparticle
: : - solution (blue), diluted 30-fold with water as
synthesized. Spectroscopy measurements were taken using a  Vernier \ described in the Wang et. al. paper.
spectrophotometer and a quartz cuvette. All measurements were taken |
Introduction using an air blank. Measurements were taken of the polymer matrix [T
The importance of metal nanoparticle (NP) research to various areas solution, the polymer and salt solution, and the final nanoparticle |
of chemistry makes continued efforts to find and optimize methods solution. After Analysis of the UV-Vis results, further measurements of = | E
for their synthesis a worthwhile pursuit. With an understanding of the the polymer and salt solution were taken using cuvettes of lesser path 25 ——— fioire 7 The UVovi e from Wang et. a1
. . . . . ' igure /. e -VIS results rrom vwwang et. adl-—
different aspects of their synthesis, exploring alternatives for one lengths, so that the spectra could be better compared to the spectra from \W ”UgV-visibIe spectra of BiCI3 aqueous Simﬂom
aspect is an effective way to improve upon a pre-existing formulation. the synthesis steps. The cuvette path lengths used were 5 mm and 0.5 gl PVP + BiCI3 aqueous solution and PVP-Bi
: CAvict: . | nanoparticle DMF solution formed with
| sought to explore .the effect of altermg a pre-existing, anal.yzed mm. 1 1| /e = 0,075 and 10 mM BICI3” The spectra
procedure to use a different polymer matrix, and to test the efficacy IR §m_‘ - show an increase in the peaks through the
of this new formulation in improving antibiotic efficacy3, as it has a Spectroscopy measurements were taken using JASCO with a sodium q . SvnthdesiS_StepS from matrix to addition of salt
distinct effect on size control of NPs during synthesis. A polymer chloride lens. An air blank was used. 05 - to reduction.
matrix is one aspect of the synthesis, and a particularly important one _—
at that. While changing which polymer was used was not successful, Results TN
the results gathered instead replicated spectroscopy results of an
article by Wang, et. al. and corroborated the results?. 't T L WL el W : :
B | Discussion
| N 177 The results regarding successful synthesis of colloidal BiNPs as reported
(/\\ T— l ' above attest to the efficacy of the method designated by Wang et. al'., and

N 0 i | it o to the replicability of the reported results:

/I\/, ' | e .y * IR spectra show the shift of the Carbonyl peak from 1715 to 1461 cm-1.
' Al This shift is indicative of effectiveness of the PVP at facilitating the even
- - | | dissolution of bismuth ions throughout the solution, which directly

Figure 4. Vinyl pyrrolidone monomer, a controls the size of the particles formed, as discussed by Oberdisse2. This
carbonyl-containing monomer.

) e b I ] e | ] Figure 1. This figure depicts the IR spectrum of Figure 2. This figure depicts the IR spectrum of PVP was similarly true of the results presented in the article by Wang et al.
The article by Wang, et al. proposes t ajc polar mte.ractlons ogtween PVP polymer in DMF solvent. The boxed region polymer in DMF solvent after the BiCl; salt is  Qualitative analysis of the UV-Vis absorption spectra collected reveals
the Carbonyl Oxygen Of PVP and the b|SmUth(|”) IONS Stab|||ze thle :ntgheeri:a):lenifié?girefizx igeogif)c;rbl:)rzi I]_nggz)ecm a:ded. The boxedhregfion is the area of interest in evidence that the NPS were formed’ as the S|Ope Of the NP Spectra has
" " " " ’ - the spectrum, in the fingerprint region. e T : : : :
str.ucture dur.lng NP formatlori and prevent or restrict aggregation-. 1. There is a singular, clear peak in this region, P SETP 8 specific characteristics indicative of light scattering, a unique
This mechanism is explored in the research | performed, and an  representing the carbonyl in the repeating unit characteristic of NPs.
attempt to replicate the results of the researchers is made. Having  ©fPVF. * The change from figure 6 to figure 7 shows that the use of a smaller
discussed the importance of the matrix component of nanoparticle : _ cuvette size was an effective technique to shift the absorbance
formulation, the other components must be discussed. Bismuth (lIl) m\\ﬁ o i . downward and allow qualitative analysis in this range.
. . . . . e A e Vi a4 , ,

chloride salt was the supplier of bismuth, and the Bi3* cations were ’ The results confirm the efficacy of the method presented by Wang et. al.,
attracted to the electronegative carbonyl groups in the matrix. T € ... o with PVP as a polymer useful in promoting size control of synthesized

. . . L d | VWV MoA . . . . .
Sodium borohydride was used as the reducing agent because it is g ' WO\ BiNPs. The efficacy of this polymer stems from its electronegative carbonyl.
particularly strong and effective. The solvent used is particularly 5 b) s Future research into the optimization of the size control function of the
. . . ".\V."\ 4 'V Y™ SN |l."u‘, o,' \‘\‘ /"'/ . . . . . e, o
important, as the matrix, reducing agent, and salt must all be able to 8 polymer matrix in BiNP synthesis should involve additional polymers that

dissolve into solution for the reaction to occur. Dimethyl formamide contain electronegative functional groups. The effectiveness of such
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proved an effective solvent for this combination of solutes. Once the polymers at size control can be examined as a function of the ratio of
reducing agent is added, and time is taken for the reaction to occur, Ko T X0 G0 w0 00 20 o polymer to salt, as in Wang et. al. Further investigations into the effect of
then the nanoparticle product must be eluted from solution. One o size consistency and average size on improving antibiotic efficacy against -

. . . . . i 1 « . : : . . o« o 3
method for this is mechanical, with a tabletop centnfuge. The other Figure 3. !:rom the resuljcs of Wang et. al*., “IR spectra of (a) pure PVP; the coinplexes. WI.th dlffere?t lactam resistant bacteria would also be beneficial3.

, , . , . molar ratios of PVP to BiCl: (b) 10, (c) 5, and (d) 1. In all cases, the concentration of BiCl is 10 mM.
uses a competing solvent to disru pt SOIUblllty; in this case, acetone., Appearance of peak around 1750cm-1 and decrease of peak around 1550cm-1 indicates a shift Citations
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