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) Tf(\je théophalt?ﬁ ienge Founde_ltion haj r?ct:er.\tly 4 Sur\f/?/cr:]e P las:;nocj Retsolna?ce (SP R{, =M Synthesis of Creighton Colloidal AQNPs Three-step TFF of Creighton AgNPs
indicate ¥ ath ere |sta grll'owllng need ortraine 5 Iden an |nC|thenbe ecdroma?nedl_c I( t ) * Alarge volume of polydisperse colloidal AQNPs was synthesized via a  TFF was employed to concentrate, purify and size-select the original
per?onn1ez N e nanotechnology and hanoscience Ied cn:[ck)].sses t e”. (:c,LIm ary ot a dle eg\'/lc modified Creighton method? utilizing the reduction of silver nitrate Creighton colloid (Ori.) using hollow fiber filter modules of varying
Sectors. - and a thin metafiic tl m,la sefhon a:]}/ (AgNO3, 1 mM) with sodium borohydride (NaBH,, 2 mM) in water, at ice- pore diameter and surface area (a 50 nm polysulfone filter of S.A.
Main Objective m?evr?argeag/ (Eggﬁfegg :)a ong the suriace cold temperature (Figure 3A & B). 390 cm?, and two 30 kDa polyethersulfone filters of S.A. 860 cm?
« To introduce undergraduate and graduate students to | 7 | A AE, B 0% and 20 cm?, respectively).
the “"green” tangential flow filtration method for the * The case is satisfied for AgNPs at optical . —— Original Colloid «  Students assembled two TFF systems in order to physically
fractionation and purification of colloidal silver frequencies, resulting in a localized SPR, j" : 0.201 Figure 3. (A) Experimental manipulate the Ori. colloid using commercial and “home-built” TFF
nanoparticles (AgNPs). namely LSPR (Figure 2B & C).  — set up for the synthesis of ensembles (Figure 4 Al & I1).

Creighton colloidal AgNPs.

Tangential Flow Filtration (TFF) - The LSPR s heavily dependent upon the (B) LSPR absorption at 395
absorption a

size and shape of colloidal AgNPs® The Ori. solution was fractionated by the TFF process into seven

* |In contrast to normal flow filtration methods, TFF tor the oriainal colloid distinct suspensions of varying AgNP size and concentration,
operates via the tangential flow of a liquid Surface Plasmon Resonance (SPR) nm Tor N © orlllgl%a_ cofiold, according to the proposed scheme (Figure 4B).
suspension/solution across a size-selective %V\ mmm g;]vmgt e collol II|ts e .
membrane3 (Figure 1). o characteristic yellow color®. A P — [ go}
 TFF is an alternative, “green” process for nanomaterial | T P 1 3
manipulation34 as it reduces the amount of axillary ; 50 m pS
: : Wavelength
chemical modifiers and allows for real time analysis of avelength (nm) Ellter Module [1]
conRstiunni-ramponents. Tangential Flow Filtration Localized SPR (LSPR) Ultraviolet-Visible Absorption Spectrophotometry (UV-VIS) Measurements
Q Bulk Solution Flow @ Feedstream ° RetentateSt,eam * The retentates and filtrates collected at each step in the TFF procedure " ey Lso ?/f;s::trate Figure 5. (Al) KrosFlo

were quantified using UV-VIS absorption spectrophotometry to determine
the resonant absorption of the LSPR.
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« The TFF fractionation process was quantified by investigating the
extinction profile of the LSPR peak.
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Figure 1. Schematic representations of normal and
tangential flow filtration. Yellow and blue spheres
correspond to particles with diameters larger and smaller,
respectively, than the pore diameter of the membrane.

Figure 2. (A) Depiction of the SPR effect for
metallic surfaces.(B) Schematic of the LSPR
exhibited by AgNPs. (C) “Classical” depiction
of the LSPR in Creighton AgNPs. ’
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Fractionation and Concentration of the Quantification of the AGQNP Size and Concentration via UV-VIS Student Evaluations: | |
Oriainal Creiahton Colloid via TFF + The Lambert-Beer Law provides a direct relationship between the LSPR * The experiment was rated by students pre- and post-laboratory | 1 * The proposed laboratory experiment,
9 9 absorption of incident radiation and the concentration of AQNPs in a colloidal (Figure 8A). _ _ _ i was successfully implemented ina 1

» . suspension® 4 _ Y o p. [1] Q1: Overall interest prior to performing the laboratory. ! Experimental Nanomaterials and !

Original Colloid (Ori) - Og(/O )=¢"b- Q2: Overall interest after completing laboratory experiments. | | Nanoscience laboratory course. !

eyl » A s the absorbance of incident radiation (related to the percent Q3: Overall experience in the laboratory experiment. : i

50 nm Polysulfone Filter | | transmittance, %T, via the negative logarithm). Q4: Overall rating of the laboratory experiment. i « In this laboratory, students became |

(S.A. 390 cm?) ¢ £ |s1tr;e molar extinction coefficient for silver clusters (7.9 x 1704 dm3 mol-’ - An evaluation form for laboratory skills was developed and i familiar with the fundamental i

' cm-)°. o | utilized by the instructors to assess students’ lab performance | ! aspects of TFF and its “green” I

: _ * b is the cuvette path length (1 cm in this experiment). and understanding of key concepts (Figure 8B). : applications for the manipulation of |

i e 2i‘e;éa1tep(“rg;w) 5(()0“9”&"‘;9;%(’*9”&';0;) — » Cis the concentration of AGNPs in each TFF suspension. | T o | colloidal nanomaterials. |

bl sl -« Mie’s solutions? provide an exact result to the Maxwell equations for Seveg;(.egrilsg? ;Vszr:n%'/l;,zggT'rf:;t:h:pz\:;;utigggs' i !

. . “ . . . . . 1 . . . 1

e the scattering of an incident EM field by an arbitrary, uniformly S2- Thorough understanding of the dynamic TFF process. | | Student evalugtlons iIndicated t_hat |

. ol shaped sphere. 2 L l the TFF experiment was perceived |

~ Filter (S.A. 860 cm?) | Amax * Vs 5 S3: Ability to accurately follow and apply the TFF scheme. | | e educational !

D,y = o [2] S4: Proper collection of all TFF solution for analysis. i , 2)S(pae\r/|2:]y£os' Ve educationa i

1130 KDa Filtrate (Agsr:) [ 1 3(()5‘5'3;?97‘;”5‘2‘9 (é\l?aom) & . D, is the average diameter of AGNPs in each concentrated TFF solution (in nm). 85': Determination of dilution factors for UV-VIS analysis. i Figure 9. Students assembling i

e il . *  Anaxis the absorbance maximum of the LSPR extinction peak profile (in nm). S6: Proper operation of UV-VIS absorption | the “home-built” TFF apparatus. I

| |

| |

« V:is the velocity of electrons at the Fermi level of silver (1.4 x 10 m s1)°.
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suspensions (Figure 6), with an overall yield of 91%. suspensions obtained by students in the TFF process.
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