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Figure S1. Gd-nanoparticle surface area standard curve. Gold nanospheres (2 — 150 nm in
diameter) with known surface area were functionalized with Gd-chelate. Through ICPMS, the
amount of Gd per particle was determined. This standard curve was used to determine the

surface area of the sorted AuNS particles.

SEM images of F4 AuNS as prepared for SIMS analysis

The images show that the nanoparticles organize on to the surface after deposition. In figure S3 a
low magnification image is shown, demonstrating large scale order of the surface. A few regions
of agglomerated particles can be observed. Zooming in to the red region, figure S4, shows how
the small groups of particles that are formed. Increasing the magnification to 65 K in the yellow
regions shows the distribution of individual particles on the surface (S5). These particles seem to

connect in long chains with a few particles completely isolated on the substrate.
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Figure S3. SEM image of F4 AuNS as prepared for SIMS analysis at 12 K magnification:

magnified region indicated in red from Figure S3.
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Figure S4. SEM image of F4 AulNS as prepared for SIMS analysis at 65 K magnification:

magnified region indicated in yellow from Figure S4.
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Figure S5. Low-magnification TEM images of sorted HEPES AuNS. Zoomed-out images
of 100 mM HEPES AuNS sorted through DGC in fractions (a) 2, (b) 4, (c) 6, (d) 8, and (e)10.
All scale bars are 100 nm. These images demonstrate the difference in particle shape of the

sorted AuNS.
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The surface area and volume per particle in each AuNS fraction.
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Figure S7. Mass spectrum of F4 AuNS. Each panel shows a different mass range and the y-axis

is the intensity divided by the number of projectile impacts. Notable peaks are identified and

color coded. Pink peaks are related to the DNA, black are gold clusters, orange are related to the

silicon support, green are sodium chloride clusters, and blue are carbon clusters.
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Coemission mass spectra

The mass spectrometry method relies on the measurement of co-ejected ions. The correlation
coefficients between ions of interested are shown as 2D heat maps in figures S10-S14 and in
figure 3 in the main text. Figures S13 A-D qualitatively illustrate the different chemical domains
on the surface for the F6 sample: nanocomposites S13A and C, salt crystals S13B, and silicon
support S13D. Ions which are positively correlated are enhanced and ions which are negatively

correlated are depressed.
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Figure S8 A-D. Coemission mass spectra. Mass spectra are normalized on the number of
measurements. The black trace corresponds to all measurements regardless of coemitted ions, the
red trace to ions coemitted with Auj-, the blue trace to ions coemitted with NaCl,-, and the green
trace to ions coemitted with SiOs;H-. A) PO;- B) (NaCl),Cl- C) Au, and Au,H- D) (Si0),0H-.

S7



Statistical analysis to determine significant relationships

To test for significant relationships between any two co-localized molecules, A and B, a
permutation test is used. The comparison uses normalized intensity (I/Ny) for any molecule from
both the total mass spectrum and the coincidental mass spectrum. Where the total mass spectrum
corresponds to all projectile impacts and the coincidental mass spectrum here correspond to a
subset of impacts where molecule B is detected.

First, we calculate the intensity of the molecule of interest, A, in all measurements and
co-emitted with another molecule B. Let X4, X,4, ..., Xy be the normalized intensity values
(Ia/Np) across time for molecule A from all measurements and let Let X;AB, X,AB, X AB be
the normalized intensity values (I g/Ng) across time for molecule A from impacts containing
molecule B. We construct the following hypothesis, H, : molecules A and B have no significant
relationship. For this problem we use the following statistic to decide if there is a significant
difference in the observed normalized intensity across time from all measurements and impacts

where molecule B is detected.

1M X4
DA:B:MZt:M?

The test statistic D g 1s non-negative and under the null hypothesis of no significant
relationship, it is expected to be close to 1. The degree of departure of the test statistic from 1
indicated the strength of positive or negative relationship between the two molecule A and B.

A permutation technique is used to simulate the distribution of our test statistic D g under Hy.
The permutation test is used to construct a o/2 and a 1- o/2 percentiles of the test statistic, for a
given significance level a, and arrive at conclusions for the test based on them. We first generate
a N-vector U = (U; U,, ...,Uy) of independent Bernoulli random variables with P(U; = 0) = P(U;

=1)=0.5,A1=12,....N. Given (X;*, X", ....Xx) and (X;AB, XoAB, .. XxAB), if U= 1 we
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exchange X;* and X;*-B and if U; = 0 there is no exchange. Hence, based on one realization U =
(U;, Uy, ...,Uy) we exchange or do not exchange the observed values fori=1, 2, ...,N and
evaluate D4 g accordingly. We repeat the procedure R times, each time obtaining a realization of
U and evaluating D, p for all exchanges or nonexchanges based on U We construct a 100(1-0)%
confidence interval where D"* p is the r" percentile of the test statistic. Here D¥%* p is the a/2h
percentile based on D5 g, D4 5, ..., DR"5 5. We reject Hy at the significance level o if the
100(1-0))% interval does not contain 1. In this method we choose R = 5000 and construct a 99%

confidence interval to determine significance of the test.
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Figure S9. Significant Relationships (a) Normalized intensity of PO5 in all measurements for
the F4 AuNS sample (black) and co-emitted with Aus- (red). (b) Normalized intensity of SiOsH-
in all measurements for the F4 AuNS sample (black) and co-emitted with Au;z (red).

An example where significant positive relationship was found for the F4 AuNS sample is
presented in figure S13a, where the co-emission of PO;- with Aujs™ is plotted in red versus PO5™ in

all measurements black. The normalized signal of PO5" is notably more intense when co-emitted
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with Aus~. An example of significant negative correlation is presented in figure S13b. Here,
normalized intensity of SiOs;H- co-emitted with Au;- (red) is compared to the normalized
intensity of SiOsH- in all measurements (black). The normalized intensity of SiO;H- is lower

when co-emitted with Aus™ versus all measurements.

2D Heat maps of ion correlation measured by cluster SIMS

Each sample (F2, F6, F8, F10, and 50 nm spheres) was investigated for positive and negative
correlation among the detected secondary ions (figures S6-10 respectively). The same trends
observed in figure 4 presented in the article are observed for all samples. Some differences in the
absolute value of the correlation coefficients among ions are observed. Recall, that larger
correlation coefficients indicate the ions originate from a smaller set of impacts (measurements).
Thus, these are attributed to differences in the number of deposited particles, and the number of

ligand molecules loaded onto the particles.
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Figure S10. Two-dimensional correlation heat map for F2 AuNS. The color scale is

correlation coefficient, with red corresponding to positive correlation and blue to negative
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Figure S12. Two-dimensional correlation heat map for F8 AuNS. The color scale is
correlation coefficient, with red corresponding to positive correlation and blue to negative
correlation. Tons which do not have a significant negative nor positive correlation were not
plotted. The evaluated ions are listed on the y-axis, the coincidental mass spectrum is listed on

the x-axis.
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Figure S13. Two-dimensional correlation heat map for F10 AuNS. The color scale is
correlation coefficient, with red corresponding to positive correlation and blue to negative
correlation. Tons which do not have a significant negative nor positive correlation were not
plotted. The evaluated ions are listed on the y-axis, the coincidental mass spectrum is listed on

the x-axis.

S14



Na,**Cly I _|mivini
Na"Cl, - EH o m oSl sy
SHNﬁW@= o ETTI
Na™Cl, 1l I | L N ¥ EE EEE
ooSMEEE B SEEEEEE EEEE B N N EEEE
“CrHEEEE 5 _NENEENE ENEE B F  _SEEEE
Silicon[ S0H 1 HE . Silicon + olhers. _ )
Sio;H M ______| H_EHN EEEEE Newmwm , HENE 50 o
AuP T AR & T @
ANy EEEEE IO paEm IBM+AWHIIII s o
AuPO, - i ] EE ; 27§
AUCN), HEEEEE H EEEEEEE EEN EEEEEE 22 O
AlCNH -EEEEE B NEEEEEE EN B N N NN 18 O
< AUHCN -HHEENE N ENEEE B EE E EEEE 1.5
= Al EEEEE B EENNEEEN EEE B ENEN 12
C1oH130;NPO, 1l I W HAEEE B [ | E 1.0
CeH12N;0,PO, -l W 1T EEEEE | NEEEN 082
CeHsN,0, HE HE N AEEN EEEE AN i
CN- HENEEEEENEEE ENEEEEESEEEEEENE B 0% 2
cNo-ENEEEEE EEE EESEEEEEEEEENEN g
CcN-ENEEEEEEEE EEEENNEEEECEEEEEE oo B
—— PO, HEANEENEN _l_' _ ANNEENEEEETEEEEEE 024 P
_ 232._===[AUNP+AUNP ==== S AuNP + DNA.=.= 0.20
S Ay -ENEEEE EEEEN EE N N EEEN =
T S| A EEEEE N EEEE “TT I
% S| A HEEE EEEEEEEEE NEEEE E : EEN
2 < Ay EEE EEEEEENEEEN EEEE EE EEE N
Z Ay -HE HEEENENENENEEEENEE EE EEN
Ay il EENNEEESNNNECEEESE NN EEE

T T T T T T T T T T IV T T T T
'5 N‘mvmm‘hmmmzoz o e ZZ‘I/&.\‘O“j’\ﬁII(__)G‘_C\‘IG:\II_m
e Sl Slos s S e e s | =z
SE2232232R03538890588356 559952500
52<333233%0 45  B0E
Ly <<z < - e
e By z
R iy
Coincidence lon S &

Figure S14. Two-dimensional correlation heat map for 50-nm spheres. The color scale is
correlation coefficient, with red corresponding to positive correlation and blue to negative
correlation. Tons which do not have a significant negative nor positive correlation were not
plotted. The evaluated ions are listed on the y-axis, the coincidental mass spectrum is listed on

the x-axis.
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The surface composition was determined for each sample using the methodology described in
the article. In each sample the composition of the surface is composed of exposed silicon,
sodium chloride, and gold particles. In all cases there is good agreement between DNA and
DNA plus gold, indicating little or no unbound DNA was deposited on the surface. Additionally,
the summation of silicon, sodium chloride and DNA plus gold gives 1.0 £ 0.1 showing all
regions of the surface were identified. The absolute number of deposited gold particles depends

on the initial concentration in solution and the deposition area.

o
X

©
o

Surface Coverage
o o
>

o
w

Figure S15. Surface Coverage. The sum of the silicon, salt and DNA/gold on all samples gives
around 100 %, which indicates all the regions of the sample surface were identified. Good
agreement between the DNA + Gold and DNA surface coverage was found, signifying most of
the DNA was bound to the particles. This is a representative surface coverage graph for the F4

AuNS sample.
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