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2 1.+Nano$objects+and+nanopar6cles+

Nanomaterial 
(1 or more external dimensions or an internal or 
surface structure on the nanoscale) 
ISO/NP TS 800004-2)

Nano-structured material 
(internal or surface structurel on 
the nanoscale) 
ISO/WD TS 800004-5)

Nanocomposite)

Material with 
nanostructured 
surface)

Assembled 
nanomaterial)

Shell structured)

Nano-object 
(1 or more external dimensions 
on the nanoscale) 
ISO/TS 27687)

Nanoparticle 
(3 external dimensions 
on the nanoscale))

Nanoplate 
(1 external dimension 
on the nanoscale))

Nanofiber 
(2 external dimensions 
on the nanoscale))

«Size range from 
 approximately 

 1 nm to 100 nm.» 
 

CEN ISO/TS  
27687(2008) 

_______________________________________________ 
From JRC European Commission and  Co-Nanomet, 2009)
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Nanopar6cles+in+environment+and+health+effect,)G.)
Lespes,)Dans)“Meta)llomics:)AnalyNcal)techniques)and)
speciaNon)methods”)Chap.)11)(2016))319#337)(ISBN):)
978#3#527#33969#3))

! Differents types of 
nanoparticles : 

natural, in the 
environment : 

 

 

 

 

          Soil extract 

 

 

 

manufactured : 

      

 

 

 
  Carbon nanotubes 

                          Examples                       Applications 
 
Carbon              nanotubes  (CNT)          automobile, aeronautics,  
Based                simples or                     sport, electronics, 
                          fonctionnalized              textiles, plastics...                
 

                          fullerenes                       improving the optical or electrical  
                          simples or                     properties of polymers, 
                          fonctionnalizd                medicine & pharmaceutical appl. 
 

                          nanoglobules,  
                          nanosphères                  pharmaceutical products 
 

Inorganic          nanopowders                 TiO2 , ZnO : UV absorbants in 
                          of metal                          sum creams, polymers & textiles; 
                          oxides                            Fe2O3 : medical imaging NMR ;  
                                                                 SiO2 : abrasive ; CuO : bactericide 
 

                          metal                              Au : therapy, biology, catalysis... 
                          nanopowders                 Ag : bactéeicide 
                                                                 Fe : magnetic materials 
                            

                          alumino-silicates             zeolites: catalysis, filtration (air/water) 
                                                                 ceramic: photocatalysis, biology 
                                                                 clays : lubricants, improving the 
                                                                 thermal prop. of polymers... 
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Virus    bactéries   algues 
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  SiO2 
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4 2.+How+to+describe+nanopar6cle+?+
!)Intrinsic)parameters)))

Parameter Scale of 

observation 

Possible descriptor(s) 

Size Nano-object  

 

Geometrical diameter or length or other typical dimensions, if 

shape is known 

  Sphere-equivalent diameter  

Shape Nano-object Geometrical shape (i.e. sphere, rod, polyhedron…) if relevant / 

possible 

  Aspect ratio (i.e. ratio between the respective longest and shortest 

dimensions of a nano-object, e.g. length-to-diameter ratio) (ar) 

  Shape factor  

(i.e. ratio between gyration radius and hydrodynamic radius) (ρ) 

Structure Nano-object Chemical map (Homogeneous or composite or 

structured, e.g. hollow, core-shell…)   Density   

 Constitutive  Porosity  (or specific surface area) 

 material Crystalline state  

Chemical 

composition 

Nano-object Elemental composition or ratio(s), in the whole and/or different 

structural components (e.g. core-shell) 

 Surface  Surface functional group(s) and/ or elemental composition of the 

material at the surface of the nano-object 

!
+Nanoanaly6cs:+History,+concepts+and+specifici6es")
S.)Faucher,)P.)Le)Coustumer,)G.)Lespes,)Environ.)Sci.)

Pollut.)Res)(2018)))



5 !  CompilaNon)of)intrinsic)parameters)and)properNes)of)nanoparNcles,))))))))))))))))))))))))))))
from)the)individual)scale)to)the)populaNon)scale)

Surrounding)medium)

Primary+
proper6es:+
Mechanical'
Op4cal'
Thermal'
Magne4c'
Electrical'
…'

Popula6on+
parameter:++
ConcentraNon)
Size#based)
distribuNons)of)
concentraNon)

Individual+
parameters:+
Size)
Shape)
Structure)
Chem.)composiNon)Nano#object)

PopulaNon)of)nano#objects)

Synergis6c+proper6es,+
direct:!
Surface?related:''
''''''Electrical'charge'(Zeta'poten4al)'
''''''Oxida4ve'
''''''(electro)Cataly4c'
''''''(Ad)sorp4ve'
Molecular'diffusion'
Stability'(intra?object)''
Solubility'
Rheological'
'

indirect:+
Dissocia4on'(intra?object)''
Dissolu4on'
Agglomera4on/aggrega4on'
Colloidal'stability/'Sedimenta4on'
Transport'
Electrophore4c'mobility'
Transfer/'uptake'
Biointerac4on'
…'

+Nanoanaly6cs:+History,+concepts+and+specifici6es")
S.)Faucher,)P.)Le)Coustumer,)G.)Lespes,)Environ.)Sci.)

Pollut.)Res)(2018)))



6 3.+Nanopar6cle+characteriza6on++

3.1.+Objec6ves+
The physico-chemical characterisitics to determined are selected by considering (1) all the 
intrinsic parameters and properties that can describe the nanoparticles, (2) the link between 
parameter and properties, (3) the parameters and properties that can be measured directly. 

Surface(electrical(
charge(

Solubility)

(Ad)Sorp0on)

Oxida0ve)ac0vity)

(Electro)Cataly0c)
ac0vity)

Molecular(
diffusion(

Dissolu5on(

Colloidal)stability/
Sedimenta0on)

Transport/
transfer)

Agglomera5on/
aggrega5on(

(Bio)interac0on)

!
Concentra*on!

!

Size!/!
Size!

distribu*on!

!
Shape!

!

Nano6
object!

structure!

!

Crystalline!
state!

!

Specific!
surface!
area!

!

Chemical!
composi*on!

!

Stability))
(intra@object)))

Dissocia5on(

+Nanoanaly6cs:+History,+concepts+and+specifici6es")
S.)Faucher,)P.)Le)Coustumer,)G.)Lespes,)Environ.)Sci.)

Pollut.)Res)(2018)))
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)Size#related)
detecNon))
(MALS))))))))))))))))))

Tracking)&)nano#
object#counNng)

(NTA))

)Elemental)mass#based)&)nano#object)counNng))))))
(Sp$ICPMS))

Chromophore)or)
fluorophore)concentraNon#

based)detecNon))
(UV;)DAD#UC,)MFS)))

)

Elemental))
mass#based)
detecNon)
(ICPAES);)
ICPMS))

)
))

Imaging)&)nano#object)counNng)(AFM;)TEM;)SEM)and)related)))

ElectrophoreNc)
mobility#based)
(zetametry))

On#line)size#
related)separaNon)

(SEC);)AF4))

)Size#related)
detecNon))
(DLS))))))))))))))))))

(1))

(2))

(6))

(7))

(3))

(4))

(5))

Size)distribuNon)

Size,)shape,))
Nano#object)structure)
Crystalline)state)
Elemental)composiNon)

Elemental)composiNon)
Dissolu4on'

Size)
Diffusion'

Elemental)size)
distribuNon)

Surface)electrical)
charge)

3.2.+Main+characteriza6on+methods+

+Nanoanaly6cs:+History,+concepts+and+specifici6es")
S.)Faucher,)P.)Le)Coustumer,)G.)Lespes,)Environ.)Sci.)

Pollut.)Res)(2018)))

Size)distribuNon)of:)
#)Shape)factor))
#  Chemical)composiNons)
Nano#object)structure)
Dissocia4on;'Dissolu4on''
Agglo/aggrega4on'
Diffusion''



8 !  Focus)on)the)IPC#MS:)what)does)it)allow)to)determine?)

!Size&related!

detec-on!!

(MALS)!!!!!!!!!!!!!!!!!

Tracking!&!nano&

object&coun-ng!

(NTA)!

!Elemental!mass&based!&!nano&object!coun-ng!!!!!!

(Sp#ICPMS)!

Chromophore!or!

fluorophore!concentra-on&

based!detec-on!!

(UV;!DAD&UC,!MFS)!!

!

Elemental!!

mass&based!

detec-on!

(ICPAES!;!

ICPMS)!
!
!!

Imaging!&!nano&object!coun-ng!(AFM;!TEM;!SEM!and!related)!!

Electrophore-c!

mobility&based!

(zetametry)!

On&line!size&

related!separa-on!

(SEC!;!AF4)!

!Size&related!

detec-on!!

(DLS)!!!!!!!!!!!!!!!!!

(1)!

(2)!

(6)!

(7)!

(3)!

(4)!

(5)!

Size!distribu-on!

Size,!shape,!!
Nano&object!structure!
Crystalline!state!
Elemental!composi-on!

Size!distribu-on!of:!
&!Shape!factor!!
&  Chemical!composi-ons!
Nano&object!structure!
Dissocia'on;*Dissolu'on**
Agglo/aggrega'on*
Diffusion**
Elemental!composi-on!

Dissolu'on*

Size!

Diffusion*

Elemental!size!

distribu-on!

Surface!electrical!

charge!

Surface(electrical(
charge(

Solubility)

(Ad)Sorp0on)

Oxida0ve)ac0vity)

(Electro)Cataly0c)
ac0vity)

Molecular(
diffusion(

Dissolu5on(

Colloidal)stability/
Sedimenta0on)

Transport/
transfer)

Agglomera5on/
aggrega5on(

(Bio)interac0on)

!
Concentra*on!

!

Size!/!
Size!

distribu*on!

!
Shape!

!

Nano6
object!

structure!

!

Crystalline!
state!

!

Specific!
surface!
area!

!

Chemical!
composi*on!

!

Stability))
(intra@object)))

Dissocia5on(



9 3.3.+sp$ICP$MS+vs+AF4$MALS$ICP$MS++
!  .Sp#ICP#MS)«)Individual)parNcle)counNng)»))

)

Time)

cp
s)

Dwell)
Nme)

Sekling)
))Nme)

Dwell)
Nme)

Dwell)
Nme)

Sekling)
))Nme)

Measurement)at)m/z)in)a)
dissolved)and)parNculate)

element)soluNon)

Time)

cp
s)

Dwell)
Nme)

Sekling)
))Nme)

Dwell)
Nme)

Dwell)
Nme)

Sekling)
))Nme)

Measurement)at)m/z)in)a)
dissolved)element)soluNon)

On)N)
measurement)

steps)

On)N)
measurement)

steps)

Remove)
stabilizaNon)

Nme)+)increase)
number)of)

measurement)
windows)

Dwell)Nme)≤)100)µs)

Time)(s))

Time)(ms))

Individual)parNcle)
measurements)

Size)=f(surface)peak)area))



10 !  .AF4#MALS#ICP#MS)«)SorNng)of)parNcles)according)to)their)size,)then)characterizaNon)»)

) AF4+ MALS+ ICPMS+UV+

tR=+f(dH)+
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SEM+

TEM+

AFM+

SEC+ AF4
+

DLS+

Sp+NTA+

DLS+

Sp+

MALS+

NTA+

DLS+
MALS+

UV+

MFS+

IC
P
M
S+

IC
P
A
E
S+

SEM+

AFM+

TEM+

A)

B)

C)

NTA+

!  Compared)performances))

(1)  SpaNal)resoluNon)for)microscopu;)ResoluNon)esNmated)over)1#100)nm)for)DLS,)SEC)and)AF4,)from)the)minimum)size)
difference)btween)2)adjacent)peaks)that)can)be)observed)(2)++ ++

(2)  Depend)on)elements)taken)into)account)ICP#MS)

!.Sp$ICP$MS+«++simpler+and+direct+»+to+instrumentally++implement++

!+ AF4$MALS$ICPMS+more+ complex,+ non+ based+ on+ hypotheses+ concerning+ shape+ or+ transfer+
rate,+ more+ resolved,+ be`er+ taking+ into+ account+ the+ nanorange,+ mul6elemental,+ with+
reduced+sampe+prepara6on+



12 3.3.+Focus+on+AF4$MALS$ICPMS+

Dimensional  
Fractionnation 
 

Size /size 
distribution 

Composition,  
Concentration 
(elements) 

Shape/structure 
agregation  state 
Solubilization/ 
dispersibility 

*100)µL)injected))

Size)range)(nm)))))))))))))))))))))))))))))))))))))))))))))))≈(10)–))500))
)

Morphology'informa4on'(nm)''''''''''''''''''''''''10?'500'
)

Size)selecNvity)))))))))))))))))))))))))))))))))))))))))))))))))))))0,8)–)1)
)

Recovery)(%)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))>)90)
)

Repeatability))(%))
))))))))))))))))peak)top)))))))))))))))))))))))))))))))))))))))))))))))))2)#)3)
))))))))))))))))half)height)))))))))))))))))))))))))))))))))))))))))))))2)#)3))
)
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))Zn))))))))))Cd)))))))))))Se))
RelaNve)detecNon)
limits)(µg)L#1)*))))))))))))))))))))))))))))))))))))))))0,03)))))0,01))))))))0,05))
)

)

Repeatability)(%)))))))))))))))))))))))))))))))))))))))))))))))))3))à))10)
)

Size'discrimina4on'''''''''''''''''''depends'of'the'type'of'par4cles'
'''''''''''''''''''''''''''''''''''''''''''''''no'observed'in'the'following'studies''
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Applied!field,!F!

Applied!field,!F!

Applied!field,!F!

A
F4 
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100?'300''''''''''''''''''''

RelaNve)detecNon)limits)

Repeatability)(%))
Overall)analyNcal)process)

ICPMS)analysis)

46Ti)49Ti*)

0,7)
(µg)g#1)))

≤)6)

Mean)recovery))
)(%))

100)

*)))))Biological)Nssue)

197Au**)

5)
(ng)L#1)))

**))Cell)samples)and)suspensions)

107Ag)

100) 100)

109Ag**)

8)))))2)
(ng)L#1)))

≤)4) ≤)4)

<0,3)
(µg)g#1)))

<0,04)
(µg)g#1)))

Par4cle'type' TiO2'NP'
(E'171)'

Au'NP,'Au?Ag'NS,'
Au?Ag'NS@hybrid'silica'

Size'range'taille'(nm)' 20?'200''''''''''''''''''''

≤)2) ≤)2) ≤)2)

IC
P

-M
S 

M
A

LS 

axis%x!

axis%z!

Accum
ula(on!w

all!

Chan
nel!!

thick
ness

!

Flow
!

Upper!!

block!!Low
er!!

block!!
Spacer!!

Diffusion!

Diffusion!

Applied!field,!F!

Applied!field,!F!

Applied!field,!F!

A
F4 

F. Faucher, G. Lespes ”Quantification of titanium from TiO2 particles in biological tissue”, 
J. Trace Elements in Medicine and Biology, 2015, 32:40-44 
F. Faucher, S. Soulé, A-L. Bulteau,  J. Allouche, G. Lespes ” Gold and silver quantification 
from gold-silver nanoshells in HaCaT cells ”, J. Trace Elements in Medicine and Biology, 
2018, 47:70-78  

Other+performances++
TiO2+nanopar6cles+&+Gold$+silver+nanoshells+(Au$Ag+NS)+

Dimensional  
Fractionnation 
 

Size /size 
distribution 

Composition,  
Concentration 
(elements) 

Shape/structure 
agregation  state 
Solubilization/ 
dispersibility 
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ParNcle))type) Au#Ag)NS) Au#Ag)NS@PLL) Au#Ag)NS@PLL#SiO2)Au)NP)

Size))range)(nm))) 25#200) )70#150) )70#150) )80#160 ))

Atomic))))raNo)(Ag/Au))
(Mass''ra4o'(Ag/Au)))

#) )))))))))))))))))))))))1,82)±0,07*)))//))))1,71)±0,05**) ) ))
#) )))))))))))))))))))))))1,00'±0,04*''//'''''0,93±0,04**' ) ))

Main'characteris4cs''

*)XPS))**))ICPMS)

CoaNng)))thickness)(nm)) # )# )10 )15 ))

To investigate the cellular impact of the nanoparticles, an Annexin
V-FITC/PI apoptosis detection kit was used, as described by the
manufacturer (Thermofischer). Flow cytometric analysis of apoptotic
populations was performed using a BD Accuri C6 flow cytometer (BD
Biosciences, Le Pont de Claix, France). For each gold concentration,
three replicates were analyzed, and the presented results are the
average of these three analyses.
To quantify the amount of internalized particles, the amount of

intracellular gold was determined using ICP-MS. The samples were
digested using a mixture of concentrated HNO3 (2 mL), HCl (6 mL),
and HF (1 mL). Blank solutions were prepared identically but without
a sample. The samples and blanks were heated at 65 °C for 4 h on
digestion blocks (Digiprep MS, SCP Science). Because of the presence
of hydrofluoric acid in the analyzed solutions, and to improve the
cleaning of the system (gold removal) between two analyses, the
samples were diluted ∼1000 times in a 5% HNO3/HCl mixture to
reach a concentration range from 0.5 to 2 μg of Au L−1. Analyses were
performed with an Agilent 7900ce model ICP-MS instrument,
equipped with a concentric nebulizer (MicroMist MM) and a cooled
Scott-type spray. The operating parameters are summarized in Table
T1. These parameters were optimized using a solution of 1 mg L−1 Li,
Y, Tl, or Ce in 2 wt % HNO3. Quantification was performed by
external calibration. Indium was used as an internal standard to
eliminate the fluctuations due to the temporal signal variations. The
monitored isotopes were 197Au and 115In. Under these conditions, the
limits of detection and quantification for gold (12 and 40 ng L−1,
respectively) were calculated according to the IUPAC recommenda-
tions.
Recovered cells were fixed for 1 h at 4 °C with a 2.5%

glutaraldehyde solution in a 0.05 M cacodylate buffer. After being
washed with a 0.3 M saccharose solution in the same buffer, samples
were reacted for 1 h at 4 °C with a 2 wt % osmium tetraoxide solution
in the 0.3 M saccharose/0.05 M cacodylate buffer. After being washed,
the samples were gradually dehydrated in baths of 50, 70, and 95%
ethanol for 5 min each, and two 10 min baths in ethanol 100%.
Ethanol was then replaced with propylene oxide for two 10 min baths,
first in a 1/1 ethanol/propylene oxide mixture and then in pure
propylene oxide. The dehydrated samples were then impregnated in a
solution of Araldite [20 mL of Araldite CY212, 22 mL of DDSA
(dodecenyl succinic anhydride), and 1.1 mL of BDMA (benzyl
dimethyl amine)] in three successive steps (2/1 propylene oxide/
Araldite for 1 h, 1/2 propylene oxide/Araldite overnight, and pure
Araldite). The hardening of Araldite was left to occur at 60 °C for 3
days. The resulting blocks were cut into ultrathin 70 nm sections with
an ultramicrotome (Ultracut Reichert). The cells were finally imaged
by TEM using a JEOL 1011 electron microscope operating at 100 kV.
The images were recorded on a Gatan Orius CCD camera.

■ RESULTS AND DISCUSSION
Morphological Characterization of the Nanoparticles.

The adsorption of polymer on NS nanoshells was studied by
dynamic light scattering, measuring the average hydrodynamic
diameter in aqueous solution at a low concentration to avoid
multiple scattering phenomena. Figure 1b shows the particle
size distribution of NS, NS@gel, and NS@PLL nanoparticles.
For nanoshells stabilized by PVP, the particle size

distribution is nearly monomodal and centered around 110
nm, in agreement with the SEM image (Figure 1a). For NS@
gel and NS@PLL nanoparticles, the particle size increases to
160 and 130 nm, respectively, reflecting adsorption of polymers
on the nanoparticle surface. Such an adsorption is in agreement
with the ability of cationic polymers to interact strongly with
metallic nanoparticles.24−27 In addition, the increase in the
hydrodynamic diameter is more significant for NS@gel than for
NS@PLL, suggesting the formation of a gel-like coating that
can swell in cold water (<30 °C).27

Gelatin and poly-L-lysine are two cationic polymers that are
known to activate silica formation in solution or after
deposition on surfaces.28−31 The ammonium groups of
polyamine or peptide chains can act as adsorption sites for
silicates, bringing them closer to one another and favoring their
condensation. Here for both polymer-coated samples, shell
formation in the presence of silicates is clearly evidenced by
TEM (Figure 2). For a silicate concentration of 5.5 × 10−3 M,
the coating is relatively thin and uneven, particularly in the case
of gelatin. For a silicate concentration of 1.0 × 10−2 M, the shell
becomes thicker (approximately 5−6 nm) and the silica deposit
seems quite dense. Similar attempts performed with native [i.e.,
PVP-coated (Figure S1a)] NS lead to the deposition of an ill-
defined layer on a small fraction of particles (Figure S1b).
These observations suggest that the positive charge of the
polymer is the key parameter driving silica deposition while the
detailed polymer structure does not significantly influence the
coating morphology.
Previous reports have shown that depending on the density

and localization of the ammonium groups on the polymer
chain, silicate condensation can be either extended and then
form dense gels in the case of polyamines such as PLL or
spatially constrained and then form silica nanoparticles
embedded within polymer fibers in the case of self-assembling
proteins such as gelatin.32 However, deposition of silica on
gelatin nanoparticles results in a dense coating because of the
reduced extension of protein brushes at the particle−water
interface.17 The same mechanism could explain the thin and
dense silica coating obtained for our gelatin-templated
materials. Moreover, the reduced gelatin brush extension
could be enhanced by the gelatin−gold interactions. In the
next sections, the silicate concentration was fixed to 1 × 10−2

M, corresponding to thicker silica coatings.
Chemical Characterization by X-ray Photoelectron

Spectroscopy. The chemical composition of the various
coatings was studied by X-ray photoelectron spectroscopy. A
preliminary study of several references, such as gelatin, poly-L-
lysine, and nanoshells, was performed to provide a chemical
data set of binding energies associated with their corresponding
chemical environments.
All the XPS results of reference materials are listed in Table

1. The C 1s, N 1s, and O 1s core peaks of gelatin and poly-L-
lysine are presented in Figure 3. In the case of gelatin, the C 1s
spectrum (Figure 3a) is evidence of four environments. The
component at 285.0 eV (35.9 at. %) corresponds to the
aliphatic carbon atoms (C−C/C−H). The other one at 286.4
eV reveals the presence of C−(N, O) groups. The peak at
288.2 eV (13.1 at. %) is attributed to amide OC−N groups

Figure 1. (a) SEM image of NS nanoparticles. (b) DLS size
distribution of nanoshells (NS), NS coated with gelatin (NS@gel),
and NS coated with poly-L-lysine (NS@PLL).

Langmuir Article

DOI: 10.1021/acs.langmuir.6b02810
Langmuir 2016, 32, 10073−10082

10075

that are characteristic of the peptide bond. The last one, at
289.2 eV (1.6 at. %), is assigned to both carbon atoms of the
guanidinium group [NC−(NR)2] and the carbonyl group
(COOH). The N 1s core peak (Figure 3b) shows a major
component at 400.2 eV that mainly corresponds to the peptide
bond (OC−N). This component is associated with an
atomic percentage of 12.0 at. %, in agreement with the
corresponding C 1s component (13.1 at. % for the OC−N

component). The two other peaks, located at 398.5 and 402.1
eV, are attributed to imine (NC−NH) and ammonium (C−
NHx

+) environments, respectively. In the O 1s spectrum of
gelatin (Figure 3c), the component located at 531.8 eV
corresponds to the contribution of both OC−N and OC−
O groups. The other one at 533.0 eV is attributed to OC−O
and C−O environments. The asymmetry observed on the high-

Figure 2. TEM images of (a and b) NS@gel-SiO2 and (c and d) NS@PLL-SiO2 nanoparticles synthesized with two different concentrations of
sodium silicates: (a and c) 5.5 × 10−3 M and (b and d) 1 × 10−2 M.

Table 1. XPS Binding Energies and Atomic Percentages of C 1s, N 1s, O 1s, and Br 3d Core Peaks of Gelatin and Poly-L-lysine

gelatin poly-L-lysine

BE (fwhm) (eV) at. % BE (fwhm) (eV) at. % assignments

C 1s 285.0 (1.5) 35.9 285.0 (1.3) 42.4 C−(C/H)
286.4 (1.5) 20.4 286.4 (1.3) 18.4 C−(N/O)
288.2 (1.5) 13.1 288.1 (1.3) 8.2 OC−N
289.2 (1.5) 1.6 COOH/CN3

total 71.0 69.0

N 1s 398.5 (1.5) 0.4 − NC−NH
400.2 (1.5) 12.0 400.0 (1.5) 7.3 OC−N/CN3

402.1 (1.5) 0.6 401.7 (1.5) 5.9 C−NHx
+

total 13.0 13.2

O 1s 531.8 (1.7) 11.9 531.7 (1.4) 6.9 OC−(N/O)
533.0 (1.7) 3.3 532.9 (1.5) 3.1 OC−O/C−O
534.3 (1.8) 0.8 534.1 (1.5) 0.7 H2O

total 16.0 10.7

Br 3d 68.1 (1.3) 4.2
69.2 (1.3) 2.9

total 7.1
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