
INTRODUCTION
Den drimers, also called “cas cade mole cules” or “ar -

borols”, are a rela tively new class of com pounds which
are char ac ter ized by unique mo lecu lar ar chi tec ture and di -
men sions in com pari son to tra di tional lin ear poly mers [1].
These hy per branched mole cules were first dis cov ered by
Don ald Toma lia and co- workers in the early 1980s and, at
the same time but in de pen dently, by George R. Newkome
[7, 11, 12]. Den drimers are large, com plex mole cules with 
well- defined chemi cal struc tures. They are char ac ter ized
by a mul ti branched, three- dimensional ar chi tec ture, low
poly disper sity and high func tion al ity [6]. A typi cal den -
dri mer con sists of three com po nents: an ini tia tor core
(fo cal core), in te rior  gen era tions com posed of re peat ing
units, ra di ally at tached to the ini tia tor core and mul ti ple
pe riph eral func tional groups which are at tached to the
out er most in te rior gen era tion. The type of ini tia tor core
de ter mines the den dri mer’s shape, e.g., am mo nia core
den drimers are sphe roid, whereas al kyleneamine den -
drimers are ellipsoid- shaped mole cules. Fur ther more, this 
part of den dri mer’s struc ture has the abil ity, re lated to the

spe cial nanoen vi ron ment sur rounded by ex ten sive den -
dritic branch ing, to en capsulate dif fer ent chemi cal spe cies 
[5, 6]. The next com po nent of den drimers — an in te rior
layer, due to a flexi ble space that is cre ated within the
voids of den dritic build ing blocks, gives an op por tu nity to 
at tach vari ous small guest mole cules. Den dri mer’s mac -
ro scopic prop er ties are de fined also by pe riph eral
func tional groups, which may re act with the sur round ing
of the mole cule [6].

Polya mi doamine (PAMAM) den drimers, the first syn -
the sized type of den drimers, re ceive wide spread at ten tion
and are un der the most ac tive in ves ti ga tion [3, 7, 10]. The
core mole cule in PAMAM den drimers is am mo nia or eth -
yle ne dia mine (EDA) par ti cle. Physi cal prop er ties of
PAMAM den drimers change ac cord ing to the gen era tion
number. Den dritic mole cules’ di ame ter tends to in crease
line arly with increas ing den drimers gen era tion [5]. Gen -
era tion in flu ences also the mor phol ogy of den drimers [9].
Den drimers gen era tion from zero to two pres ent highly
asym met ric shape and have more open struc ture than den -
drimers of higher gen era tion. The longer and more
branched is the den dri mer, the more its shape re sem bles
globu lar struc ture. When the gen era tion number in -
creases, the branches of den dri mer be come densely
packed and form tight membrane- liked struc ture [4].
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Quali ta tive analy sis of PAMAM den drimers due to their
com plex struc ture and high mo lecu lar weight is usu ally per -
formed by means of mass spec trome try techniques (MS),
com bined with soft ioni za tion method (MALDI - ma trix as -
sisted la ser de sorp tion ioni za tion, FAB – fast atom bombard -
ment). More popu lar tech niques such as elec trospray
ioni za tion (ESI) is used less fre quently due to the larger frag -
ment in the source of these com pounds, re sult ing in the
re cord ing of spec tra much more dif fi cult to in ter pret [2, 8, 13].

The aim of this study was to de velop a method for the iden -
ti fi ca tion of poly(ami doamino) den drimers (PAMAM-NH2)
gen era tion G1.0, G2.0 and G3.0 us ing high reso lu tion
mass spec trome try with elec trospray ioni za tion source
(ESI-Q-TOF).

MATERIALS AND METHODS
The metha nolic stan dard so lu tions of PAMAM-NH2

G1.0, G2.0 and G3.0 den drimers (20% con cen tra tion)
were ob tained from Sigma- Aldrich (St. Louis, USA).
Metha nol hy per grade for LC-MS was pur chased from
Merck (Darm stadt, Ger many) and 98% for mic acid for
mass spec tros copy was ob tained from Fluka (Taufkir-
chen, Ger many). Wa ter for GC and LC was pur chased
from Hon ey well Bur dick & Jack son (Mus ke gon, USA). 

ESI-Q-TOF analy sis was car ried out with the use of
Ag ilent Accurate- Mass Q-TOF LC/MS G6520B system
with dual elec trospray source and In fin ity 1290 ultra-
 high- pressure liq uid chro ma tog ra phy sys tem con sist ing
of: bi nary pump G4220A, FC/ALS ther mo stat G1330B,
auto sam pler G4226A, DAD de tec tor G4212A and TCC
G1316C mod ule (Ag ilent Tech nolo gies, Santa Clara,
USA). A mix ture (50:50, v/v) of metha nol (A) and wa ter
(B) with ad di tion of 0.1% so lu tion of for mic acid in both
me dia was used as a mo bile me dium (con stant flow 0.01
ml/min) and di rect analy sis (without col umn) was per -
formed. The work ing so lu tions of den drimers (0.4 mg/ml) 
were in jected in to the ESI-Q-TOF sys tem in volume 0.5 μl.

Q-TOF de tec tor was tuned in a posi tive mode with the
use of Ag ilent ESI-L tun ing mix in high reso lu tion mode
(4 GHz) and no mass cor rec tion was per formed. The main
pa rame ters were op ti mized and the fol low ing settings were
ap plied: gas temp.: 150°C, dry ing gas: 10 l/min, nebu lizer
pres sure: 20 psig, cap il lary volt age: 4500 V, frag men tor
volt age: 300 V, skimmer volt age: 20 V, oc to pole 1 RF volt -
age: 250 V. Data ac qui si tion was per formed in auto
MS/MS mode with spec tral pa rame ters: mass range:
100-3200 m/z and ac qui si tion rate: 1 spec tra/s (for MS and
MS/MS data). Col li sion en ergy was in the range 35.5-46V.
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Fig. 1. ESI-MS TOF spectrum of PAMAM-NH2 G1.0 dendrimer

Fig. 2. ESI-MS TOF spectrum of PAMAM-NH2 G2.0 dendrimer



RESULTS AND DISCUSSION
The ESI mass spec tra of den drimers is char ac ter ized by 

the pres ence of multi- charged ions and mo lecu lar single-
 charged ions are usu ally not ob served. In this case the in -
ter pre ta tion of these spec tra is more dif fi cult and
ad di tional soft ware cal cu la tions (e.g. de con vo lu tion) are
re quired. In this study high reso lu tion MS TOF spec tra
were reg is tered for all G1.0-G3.0 den drimers (Fig ures
1-3) and their de con vo lu tion was per formed by the use of
Mass Hunter soft ware (Fig ures 4-6). This pro ce dure al -
lowed the de ter mi na tion of the mass of the ana lyzed
com pounds directly from the re corded ESI-MS TOF
spec trum. As pre sented in Ta ble 1 ac cu rate masses of
PAMAM-NH2 G1.0 (1430.0153 Da), G2.0 (3256.2696
Da) and G3.0 (6908.6850 Da) were ob tained. 

The main ions reg is tered in MS TOF spec tra of the ana -
lyzed den drimers were next se lected for MS/MS
frag men ta tion. For the first gen era tion of PAMAM-NH2

the m/z 715.5136 ion with charge state z = 2 was cho sen
for the col li sion in ducted frag men ta tion. As shown in Fig -
ure 7 the most char ac ter is tic frag ments for this den dri mer
are ions: m/z 1087.7980 (z = 1), 704.4554 (z = 2),
613.9465 (z = 2) and 343.2483 (z = 1). The pro posed frag -
men ta tion path way of PAMAM G1.0 is pre sented in

Fig ure 8. In the case of the sec ond gen era tion of
PAMAM- NH2 the m/z 652.0632 ion with charge state z = 
5 was se lected for MS/MS frag men ta tion and the char ac -
ter is tic frag men ta tion ions were also ob served: m/z 752.5116
(z = 3), 583.3936 (z = 5) and 498.3503 (z = 1) (Fig ure 9).
The pro posed frag men ta tion path way of this den dri mer is
shown in Fig ure 10. For the third gen era tion of
PAMAM-NH2 the m/z 864.3508 (z = 8) ion was se lected
for the col li sion in ducted frag men ta tion. The most char ac -
ter is tic frag men ta tion ions for this den dri mer are: m/z
1176.3181 (z = 3), 1039.3253 (z = 5) and 852.3032 (z = 2). 
MS/MS spec trum and the pro posed frag men ta tion path -
way for G3.0 gen era tion of PAMAM are pre sented in
Fig ure 11 and 12. The ob tained frag men ta tion ions, their
charge state and the loss frag ments for all the ana lyzed
den drimers are pre sented in Ta ble 2.

It should be noted that some of the frag men ta tion ions
are com mon to the course of frag men ta tion of the ana -
lyzed PA MAMs and are also help ful in de ter min ing the
struc ture of these sub stances. To these frag men ta tion ions
be long ions with rela tively large abun dance and charge
state z = 1: m/z 325.2307 (e frag ment) and 241.1639
(f frag ment).
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Fig. 3. ESI-MS TOF spectrum of PAMAM-NH2 G3.0 dendrimer

Fig. 4. Deconvoluted ESI-MS TOF spectrum of PAMAM-NH2 G1.0 dendrimer



Ta ble 1. Ac cu rate mass of the ana lyzed PAMAM-NH2 den drimers

No. Name Molecular
formula 

Theoretical
massa 

Mass
defectb

Measured
massc

1 PAMAM
G1.0 C62H128N26O12 1429.0205 1.0205 1430.0153

2 PAMAM
G2.0 C142H288N58O28 3254.2895 2.2895 3256.2696

3 PAMAM
G3.0

C302H608N122O60 6904.8275 4.8275 6908.6850

a mo noi so topic mass (Da) 

b theoretical defect (Da)
c average mass from deconvoluted MS-TOF spectra (Da)

CONCLUSIONS
Elec trospray ioni za tion (ESI) com bined with high

reso lu tion mass spec trome try was found to be a pow er ful
ana lyti cal tool for the ac cu rate analy sis of den drimers.

The de vel oped ESI-Q-TOF method can be used for fast 
iden ti fi ca tion of PAMAM-NH2 den drimers gen era tion
G1.0 to G3.0 as well as to quali ta tive analy sis of new den -
drimers ob tained by its modi fi ca tion.

Vol. 25, 3, 286–293 289

Identification of polyamidoamine dendrimers (PAMAM-NH2) by ESI-Q-TOF method

Fig. 5. Deconvoluted ESI-MS TOF spectrum of PAMAM-NH2 G2.0 dendrimer

Fig. 6. Deconvoluted ESI-MS TOF spectrum of PAMAM-NH2 G3.0 dendrimer

Fig. 7. ESI-MS/MS spectrum of PAMAM-NH2 G1.0 dendrimer
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Fig. 8. Structure and proposed fragmentation pathway of PAMAM-NH2 G1.0

Fig. 9. ESI-MS/MS spectrum of PAMAM-NH2 G2.0 dendrimer
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Fig. 10. Structure and proposed fragmentation pathway of PAMAM-NH2 G2.0

Fig. 11. ESI-MS/MS spectrum of PAMAM-NH2 G3.0 dendrimer
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Fig. 12. Structure and proposed fragmentation pathway of PAMAM-NH2 G3.0



Ta ble 2. Ob served main frag men ta tion ions in MS/MS spec tra of
ana lyzed PAMAM-NH2 den drimers

No. Name
Precursor ion 

(m/z)
Fragmentation

ions (m/z)

Proposed
structurea

(loss fragments)

1 PAMAM G1.0 715.5136 (z = 2)

1087.7980 (z = 1) G1-a 
997.7118   (z = 1) G1-a-b
704.4554   (z = 2) G1-d
664.4794   (z = 2) G1-c
613.9465   (z = 2) G1-b-c-d
343.2483   (z = 1) a
325.2307   (z = 1) e
241.1647   (z = 1) f
229.1647   (z = 1) g
211.1555   (z = 1) h

2 PAMAM G2.0 652.0632 (z = 5)

752.5116   (z = 3) G2-i-2c
583.3936   (z = 5) G2-a
498.3503   (z = 1) j
325.2307   (z = 1) e
241.1639   (z = 1) f
211.1527   (z = 1) h
127.0856   (z = 1) m

3 PAMAM G3.0 864.3508 (z = 8)

1176.3181 (z = 3) G3-n-o
1039.3253 (z = 5) G3-n-p
852.3032   (z = 2) o
685.4797   (z = 2) r-a
457.3132   (z = 1) s
325.2281   (z = 1) e
241.1631   (z = 1) f
229.1642   (z = 1) g
211.1523   (z = 1) h
127.0876   (z = 1) m 
115.0859   (z = 1) t

a according to pathways and marks showed in Fig. 8, 10 and 12. 
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