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Materials and methods

Chemicals

Benzenel,3,5tricarboxylic acid (H3BTC, 98%), N,N-dimethylformamide(DMF, p.a.) and
copper acetate monohydrate (Cu(OAg) - H,O, 98+%) were purchasedfrom Acros.
Poly(acrylicacid) (PAA, MW = 1,800), 2-aminoterephthalic aciH,BDC-NH,, 99+%) and
polyvinylpyrrolidone(PVP, MW = 40,000)were purchasedrom SigmaAldrich. Zinc acetate
dihydrate (Zn(OAQ) - 2H,0, p. a.) was purchasedrom ACS. Hexadecyltrimethylammonium
bromide (CTAB,98%) was purchased fromAlfa Aesar.Ethanol(99%) was purchased from

BfB. All chemicalsvereusedasreceivedwithoutfurtherpurification.

Synthesi®f HKUST-1

In atypical synthesisH3BTC (73.8 mg, 0.344mmol) wasdissolvedin ethanol (1.4mL) and
DMF (4.2 mL) under stirring and combinedwith PAA (221 mg, 0.123 mmol). To this
mixture, a solutionof Cu(OAc), - H,O (70 mg, 0.344mmol) in 2.8 mL deionizedwaterwas
addedundervigorousstirring, which rapidly inducedthe formationof a blue precipitate. The
product was separatedrom the reaction mixture by centrifugation andwashedin DMF,
ethanol and water for at least 3 times. Stable colloidal suspensionsvere obtained by
redispersing thevashedoroduct inDMF usingultrasound ElmasonicS100Hultrasonicbath,
550 W).

For further experimentsthe reactionconditionswerevaried,including reactiontime (5 min,
30 min), reactiontemperaturg0 °C, room temperaturg RT), 55 °C) and amountof PAA
(dependingon the weight ratio of H3BTC:PAA = 1:2, 1:3, 1.4, 1:5, 1:6, 1:15, corresponding

t0 0.082 mmol0.123 mmol0.164 mmol0.205 mmol0.246 mmol0.615 mmobf PAA).
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Synthesi®f IRMOF-3

In a typical synthesis,Zn(OAc), - 2H,0O (35.12 mg, 0.160 mmol) was dissolvedin DMF
(2 mL) and rapidly addedto a solution of H,BDC-NH, (10.86 mg,0.059 mmol), CTAB
(210 mg, 0.027 mmol) and PVP (10 mg, 0.00025mmol) in 3 mL DMF under stirring. The
reactionmixture turnedturbid within the first minuteandwasstirredadditionallyfor at least
5 min. The productwas separatedy centrifugationand washedin DMF and ethanolfor at
least3 times. Stablecolloidal suspensionsvere obtainedby redispersinghe washedproduct
in DMF usingultrasound EImasonicS100H ultrasonibath,550 W).

For further experimentsthe reactionconditionswerevaried,including reactiontime (5 min,
30 min, 60 min, 3 d, 11 d) and amount of additive (0.0135 mmol/0.00013 mmol,
0.027 mmol/0.00025mmol, 0.054 mmol/0.0005 mmol of CTAB/PVP; 0.00013 mmaol,

0.00025 mmol0.0005 mmolP.00125 mmobf PVP).

Thinfilm deposition

Thin films consistingof HKUST-1 and IRMOF-3 nanoparticlestespectivelywere obtained
by spincoatingthe respectivecolloidal suspensionsn pre-cleanedsilicon substratesPrior to

film deposition silicon substrate§1x1 cn?) weretreatedwith piranha acid96% H,SO./30%

H.0,, 2:1) for 1 h, rinsedintensivelywith water, dried under nitrogen streamand plasma

cleanedFemtoplasmacleaner DienerElectronicGmbH, air, 100 W) for 5 min. A rotational
speedof 4000rpm for 1 min wasusedfor the deposition ofthe layers, whilethe acceleration

speedvasfixed to 1500 rpm3. Thickerfilms wereobtainedby multiplecoatingsteps.
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Characterization

Powder X-ray diffraction (XRD) measurements werearried out on a Huber G670
diffractometer inGuinier geometryor on a Stadi P type diffractometer (Stoe& Cie) in
transmissiorusing Ge(111}monochromatedCu-K [ radiation( & 1.54051A). Data were
collectedbetweerb® and50°.

Dynamic light scattering(DLS) measurementsvere carried out with a Nano ZS Zetasizer
with a 4 mW HeNelaser( & 633 nm). The scatteredight was detectedn backscattering
geometryatanangleof 173°.

Infrared (IR) spectroscopyvas carriedout with the help of a Perkin EImer SpektrumBX |l
spectrometewith anattenuatedotal reflectanceaunit.

Scanningelectron (SE) micrographswere recordedeither with a JEOL JSM-6500F SEM
equippedvith anOxford EDX analysissystemor with a Merlin (Zeiss)FE-SEM.

AFM measurements werngerformedon a MFP-3D Standalone AFM (Asylum Research,
SantaBarbara). Tappingmode was applied using OMCL-AC160TSR3 (Olympus,Tokio)
cantileverswith aresonantrequencyof 300 kHz.

Ellipsometricmeasurementsere carriedout usinga Woollam M2000D at anglesof 65°, 70°
and75°in the spectrarange 0f190-1000nm. The datawerefitted between 30@nd1000 nm
using a Cauchytype materialas the modellayer to determine theeffective refractiveindex
(RI) and the thicknessof the investigatedlayers (using averagevalues deducedby SEM
imagesas startingvalues).The effective Rlof the MOF layeris madeup of RI contributions
from textural porosity (Rlpe = 1), the MOF itself, and possibleresiduesof the additives

(Rles> 1).



Electronic Supplementary Material (ESI) for CrystEngComm
This journal is © The Royal Society of Chemistry 2013

Additional analytical data
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Figure S1 AFM measuemens (a, b) and heght profile (c) of HKUST-1 paticles syntheszed at 0 °C.
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Figure S2 DLS measuemens of HKUST-1 particles syrtheszed at different temperatures (black:
0 °C, red RT, blue 55 °C) after certrifugation and redspasion in DMF.
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Figure S3 SEM images of HKUST-1 particles syrntheszed at diff erent temperatures. @) 0 °C, b) RT.
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Figure S4 DLS measuemens (showvn as a) intensty distribution and ¢) volume distribution) of
HKUST-1 paticles syntheszed at 0 °C with differert ratios of HsBTC:PAA (black 1:6 / 0.246 mmol
PAA, red 1:5/0.205 mmol PAA, blue 1:4/0.164 mmol PAA, green 1:3/0.123 mmol PAA, orange
1:2 / 0.082 mmol PAA) after certrifugaion ard redspersion in DMF; b) evdution of the size (red)
and the palydispesity index (PDI) (black), with the PAA concettration.
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Figure S5 SEM images of HKUST-1 paticles syntheszed at RT after different readion times
a) 5 min, b) 30 min.
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Figure S6 PXRD paterns (a) and IR spedra (b) of HKUST-1 particles syntheszed at RT after
diff erert readion times (black 5 min, red 30 min). ¢) IR spedra of HKUST-1 (black syntheszed
withou addtiveg, H;BTC (red and PAA (blue), showving good ageanen beween the produds
syntheszed with and without PAA (note tha PAA and H:BTC hawe similar IR bands in particular

around 1700 cm™ corresponihg to C=0 vibrations of carboxylic add groups.
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Figure ST AFM measuemerts (a, b) and heght profile (c) of IRMOF-3 particles
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Figure S8 DLS measuwemens of IRMOF-3 paticles syrtheszed with different total amouns of
CTAB/PVP at weight ratios of 1:1 (black 0.054 mmol/0.0006 mmol, red 0.027 mmol/0.0005 mmoal,
blue 0.013 mmol/0.00013 mmol) after certrifugation and redspasion in DMF.
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Figure SO DLS measuwemerts (showvn as a) intensty distribution and ¢) volume distribution) of
IRMOF-3 particles syntheszed with diff erent amounts of CTAB andor PVP (black weight ratio 1:1
of CTAB/PVP (0.027 mmol/0.0005 mmol), red 0.027 mmol of CTAB, blue 0.0005 mmol of PVP,
green no addtives) after 5 min readion time; b) evdution of the mean radus and the Pd with the
amourt of addtives (0: no addtives 1: 0.027 mmol of CTAB, 2: 0.0005 mmol of PVP, 3
0.027 mmol/0.0005 mmol of CTAB/PVP).
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Figure S10 DLS measuemerts (showvn as a) intensty distribution and ¢) volume distribution) of
IRMOF-3 paticles syrtheszed with differet amounts of PVP (black 0.001%5 mmol, red
0.0006 mmol, blue 0.0005 mmol, green 0.00013 mmol) after certrifugaion and redspersion in
DMF; b) evdution of the size (red) and the Pd (blacK with the amourt of PVP.
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Figure S11 SBEM images of IRMOF-3 paticles syntheszed a with CTAB/PVP
(0.027 mmol/0.0005 mmol) and b) withou addtives c) correspondng PXRD patterns of IRMOF-3
paticles syrntheszed with addtives (black and withou addtives (red).

a) b)

Figure S12 DLS measuemerts of IRMOF-3 particles as a function of time: @) evdution of the size
distribution of the readion mixture (black 5 min, red 30 min, blue 60 min, green 3 d, orange 11 d);

b) evdution of the mean radus



