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Raman/EDX Comparison. Figure S1 shows 20 

the same particle analyzed with SEM-EDX in 21 

Figure 2 of the main text. The Raman data 22 

show the presence of vibrational modes due 23 

to sulfate, organics and water, with intensity 24 

in the ν(SO4
2-) mode and the ν(C-H) and ν(O-25 

H) modes, very similar to those observed in 26 

Figure 3 (see text for further details). 27 

 28 

Raman Spectra of Inorganic and Organic 29 

Reference Compounds. Sulfate and carbonate are 30 

two inorganic anion species present in seawater. 31 

CaSO4 and Na2SO4 were selected as sulfate 32 

references and CaCO3 as a carbonate reference. 33 

Figure S1 shows the frequency of the characteristic 34 

Raman peak of the symmetric stretch of sulfate 35 

(SO4
2-) varies with different cations (Ca2+/Na+) 36 

and provides a potential way to differentiate these 37 

cations associated with sulfate.  38 

The Raman peaks observed for CaSO4 (1016 39 

cm-1),3-4 Na2SO4 (995 cm-1),5-7 and CaCO3 (1089 40 

cm-1)8-9 are similar to previously published values 41 

for these compounds.  42 
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Figure S2. Raman spectra of inorganic reference 
compounds including CaSO4 and Na2SO4 showing 
1(SO4

2-) and 3(SO4
2-) modes, as well as CaCO3 and 

the 1(CO3
2-) mode. 

Figure S1. Raman spectrum of the same particle whose SEM 
image and energy spectra were shown in Figure 2. 

(C-H) (O-H)s(SO4
2-)

1000 1500 2000 2500 3000 3500

0

200

400

600

800

1000

 

In
te

ns
it

y 
(A

.U
)

Wavenumber (cm-1)

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2013



Page 3 of 5 
 

  43 

 Organic reference compounds 44 

include sodium dodecyl sulfate 45 

(CH3(CH2)11OSO3Na),12 palmitic acid 46 

(CH3(CH2)14COOH),15 and glycine 47 

(NH2CH2COOH),16-17 and 48 

lipopolysaccharides from Escherichia 49 

Coli.18 These species contain  some of 50 

the functional groups that are expected to 51 

have similar Raman signatures, as the 52 

main organic species in seawater 53 

including carbohydrates, lipids, 54 

carboxylic acids, peptides, and amines.19-55 

21 Figure S2 shows that among the organic 56 

reference compounds studied here, the 57 

symmetric/asymmetric stretching modes 58 

of the CH, CH2, and CH3 groups exhibit the most intense Raman signals.   59 

Figure S3. Raman spectra in the C-H stretching region are
shown for different organic standards (Sodium Dodecyl
Sulfate – CH3(CH2)11OSO3Na,  Palmitic Acid –
CH3(CH2)14COOH, Glycine – NH2CH2COOH,
Lipopolysaccharides from Escherichia Coli) 

Table S1: Raman peak frequency of the symmetric stretch for sulfate in different compounds. 
Salt Peak frequency (cm-1) References 

Na2SO4 1: 992.7 1
 

Na2SO4(aq) 1: 982 2
 

K2SO4 1: 983 10
 

MgSO4 1: 1022.8 11
 

CaSO4 1:1020 13
 

CaSO4·0.5H2O 1:1012; 14
 

CaSO4·2H2O 1: 1008 13
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Raman Spectra of Different Particle Types. Figure S3 shows roughly 20 representative spectra 60 

(normalized) from 61 

MOUDI stages 1-5 62 

from before the 63 

addition of biogenic 64 

material. A transition 65 

from spectra 66 

dominated by the 67 

ν(SO4
2-) and ν(O–H) 68 

modes for large 69 

particles to spectra 70 

dominated by the 71 

ν(C–H) modes for 72 

small particles can be 73 

observed in Figure 74 

S3.  75 

 76 

  77 

Figure S4. Approximately 20 Raman spectra from single particles on different MOUDI 
stages, a) 5.6-10.0 µm, b) 2.5-5.6 µm, c) 1.0-2.5 µm, d) 0.53-1.0 µm, e) 0.3-0.53 µm. 
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