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Abstract
The growing importance of siloxanes in various industrial areas, e.g., health care, cosmetics, automotive and construction 
industries requires further method development of analysis techniques. In addition, and complementing gas chromatog-
raphy analysis, a polymer liquid chromatography method for separation of linear and cyclic (poly)dimethylsiloxanes was 
developed and optimized. By an appropriate choice of mobile and stationary phase combinations, separations of up to 30 
monomeric units were achieved. Therefore, various HPLC columns were investigated concerning physical and chemical 
properties, e.g., pore size, silica base material, and column functionality. Furthermore, solubility properties of siloxanes 
in adsorption- and desorption-promoting solvents were investigated and taking these results into account, the separation 
was optimized applying a mixture of methanol:water (75:25, v/v) and acetone. The findings indicate that precipitation/re-
dissolution effects superimposed by adsorption chromatography play an important role for the efficient separationof a high 
number of monomer units. Besides method development on an analytical scale, linear poly(dimethylsiloxane) oligomers 
were separated with preparative polymer HPLC. These fractions of single oligomers allow further investigations of different 
material properties beyond polymer HPLC.
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Introduction

Siloxanes show a broad variety of application areas, because 
of their exceptional polymer structure. Various applications 
in cosmetics, medicine, automotive or construction industry 
depend on low intermolecular forces between methyl groups, 
high flexibility in the polymer backbone or low surface ener-
gies. The usage in antifoams, shock absorbers or release 
agents only depicts some examples [1, 2]. In this study, the 
important class of poly(dimethylsiloxanes) (PDMS) is sepa-
rated according to its molecular architecture. The PDMS 
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nomenclature depends on the nominal number of oxygen 
bonded to silicon: the basic building blocks M, D, T, and 
Q represent one, two, three, or four oxygen(s) bonded to 
silicone, respectively. Consequently, cyclic PDMS are unam-
biguously described by the amount of [D]-building blocks, 
e.g., D4 stands for the cyclic tetramer octamethylcyclotet-
rasiloxane [3, 4]. Additionally, in this publication, the short 
cut “Si” is used with the appropriate number of oligomers 
as label for linear PDMS oligomers.

Especially, for low molecular weight (up to 8 [D]-blocks), 
linear and cyclic PDMS analysis is predominantly performed 
with gas chromatography [5, 6]. But with increasing molecu-
lar weight, liquid chromatographic techniques such as size-
exclusion chromatography (SEC), liquid chromatography at 
critical conditions (LCCC) or polymer HPLC become more 
favorable. SEC provides separation according to hydrody-
namic volume or rather molar mass of the investigated poly-
mers. This analytical method is primarily based on changes 
of entropic interactions of the polymer with the separation 
system. Therefore, typical SEC stationary phases consist of 
particles with different pore diameters for achieving suc-
cessful separation due to differences in molecular size, but 
any chemical interaction between polymer and stationary 
phase must be prevented [7–9]. In LCCC, separations solely 
according to chemical functionalities of polymers are pos-
sible. Therefore, enthalpic and entropic energy changes must 
balance each other for a separation independent of molar 
mass effects. However, this technique is typically applied for 
higher molecular weight masses in contrast to the separation 
of linear and cyclic PDMS oligomers up to 30 [D]-block 
units as required in this study. Moreover, LCCC compro-
mises some challenges, such as, e.g., high susceptibility to 
small changes in analytical conditions or small variations of 
the investigated polymer sample [12].

In polymer HPLC, the separation is generally based on 
molar mass differences as well as on variation of chemi-
cal functionalities. Compared to HPLC of small molecules, 
the major differences are small diffusion coefficients and 
reduced solubility of polymers in solution. Apart from this, 
polymer elution may occur due to several different separa-
tion mechanisms, like adsorption or precipitation/re-disso-
lution chromatography. The main distinctive feature is the 
injection of a polymer sample: Assuming an impaired poly-
mer solubility, the well-dissolved sample is injected at a sta-
tionary phase pre-conditioned with a typically very weak (or 
so-called adsorption-promoting) solvent. Thus, subsequent 
to polymer injection, precipitation or at least very strong 
adsorption on top of the column takes place. Consequently, 
a programmed gradient is usually used to elute the with-
held sample, driven by increasing amounts of desorption-
promoting solvent [7, 14–17].

The choice of a suitable detector for PDMS is limited 
because of the lack of chromophores and the need of gradient 

elution. Therefore, an evaporative light scattering detector 
(ELSD) is a good choice, permitting gradient elution and 
a universal detection. Mojsiewicz-Pieńkoswka [22] already 
described the application of this detection technique for the 
analysis of PDMS with SEC. Based on these investigations, 
Durner et al. [13] optimized the detector performance for 
linear and cyclic PDMS. In this study, method development 
and optimization for separation of linear and cyclic PDMS 
oligomers with polymer HPLC are shown.

Results and discussion

Alkyl chain stationary phases in combination with acetoni-
trile as adsorption-promoting and tetrahydrofuran (THF) as 
desorption-promoting solvent are used for PDMS analysis, 
based on common reversed-phase polymer HPLC [10, 11]. 
Hence, method development was started comparing four 

Fig. 1   Method development for separating cyclic (orange) from linear 
(blue) PDMS based on a linear gradient of 40 min with starting from 
100% acetonitrile to 100% THF on alkyl chain columns: a C4 col-
umn, b C8 column, c C18 column, and d C30 column
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stationary phases with different alkyl chain lengths (C4 (a), 
C8 (b), C18 (c), C30 (d), see Fig. 1)

Apart from the C30 column, all other stationary phases 
showed at least partial separation of several linear and 
cyclic oligomers. However, the separation performance in 
all cases was insufficient. Aside from this, ELS detection 
of the measurement series (Fig. 1a–d) was performed over 
a period of three weeks using a concentric glass nebulizer. 
During this time, a continuous decrease in signal intensity 
was observed comparing the initially used C4 column and 
the finally used C30 column. The improvement of ELSD 
performance was already published elsewhere [13] and as 
described there, especially for PDMS analysis, the use of 
an enhanced poly(tetrafluoroethylene) (PTFE) parallel-path 
nebulizer is useful. Consequently, for all further measure-
ments, an enhanced PTFE nebulizer was used improving the 
detector long-term stability and signal intensity. As shown in 
[18], for PDMS analysis, an optimization in oligomer sepa-
ration could be achieved by applying a C8 column and using 
a convex gradient with extended total runtime. Whereby, 
even this improvement showed repeated changes in the elu-
tion order of linear and cyclic oligomers. For this reason, a 
change in the separation system concerning stationary and 
mobile phase was necessary. Applying a pentafluorophenyl 
column seemed appropriate because of its very different 
selectivity and the possibility of stereoisomer separation 
[19]. Beside electron donor/acceptor interactions, presum-
ably, the π–π interactions of the aromatic pentafluorophenyl 
group led to a change of the separation of linear and cyclic 
PDMS oligomers (Fig. 2).

Acetonitrile with its triple bond blocks this π–π stack-
ing effects and had to be replaced with a different proper 
adsorption-promoting solvent. Thus, a mixture of metha-
nol and water (75:25, v/v) was used to adjust a similar elu-
tion strength as pure acetonitrile [20, 21]. Furthermore, in 
place of THF, acetone was found to be a suitable desorp-
tion-promoting solvent when using pentafluorophenyl col-
umns. These modifications of the separation system showed 
increased separation performance without crossed elution of 
linear and cyclic PDMS up to 17 [D] repetition units. Beside 
the improved separation result, a major drawback using a 
Phenomenex Kinetex PFP column was the stationary phase’s 
batch-to-batch reproducibility (see Fig. 2a–c). Applying 
other pentafluorophenyl columns from other manufactures, 
e.g., Agilent Poroshell PFP, Phenomenx Luna PFP (2), or 
Phenomenex Kinetex F5 resulted in a decreased separation 
performance. Thus, further optimization had to be done and 
the lack of separation performance comparing various pen-
tafluorophenyl columns showed that presumably not only the 
modification of the stationary phase determined the separa-
tion. Because of these findings, modifications of the mobile 
phase components were investigated applying linear alkyl 
chain columns.

Furthermore, the LC flow rate was increased from 1.0 to 
2.0 cm3 min−1 decreasing run time without losing separation 
performance. This change showed a substantial improve-
ment in peak separation when using an Accucore C30 col-
umn (see Fig. 3b, c). Figure 3b, c only differ in the gradi-
ent slope of acetone (i.e., the acetone volume ratio change 
per minute) from 12.5 × 10−3 min−1 for (b) to 3.125 × 10−3 
min−1 for (c). Consequently, beside the increase in separa-
tion performance, the flattening of the gradient slope led to 
an increased measurement time. Nevertheless, an effective 
gradient runtime of 160 min (Fig. 3c) was a good compro-
mise between total runtime and separation performance.

The comparison to another C30 column (YMC Carot-
enoid C30, 100 × 4.6 mm, Fig. 3a) showed no separation of 
cyclic and linear oligomers at all. This result revealed that 
apart from the chemical modification of the stationary phase, 
presumably the manufacturing process itself and the type of 
particles may have an important impact.

Consequently, additional stationary phases (Fig.  4, 
Table 1) were compared to investigate separation differ-
ences and dependencies on further column characteriz-
ing parameters, e.g., particle diameter or C18 base silica 
material. Each subsequent measurement was carried out 

Fig. 2   Comparison of three batches of Phenomenex PFP columns 
(100 × 4.6  mm) with methanol:water (75:25, v/v) as adsorption-pro-
moting solvent and acetone as desorption-promoting solvent: a series 
619128-6, b series 532053-72, and c series 528502-13; cyclic PDMS 
orange and linear PDMS blue
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with methanol:water (75:25, v/v) as adsorption-promoting 
solvent, acetone as desorption-promoting solvent, and 
an effective linear gradient of 40 min (on a column with 
50 × 4.6 mm, 2.6 µm) adapted to the different column dimen-
sions, respectively. As quality criterion for separation, the 
last baseline-separated cyclic and linear PDMS oligomer 
was used. The comparison of C18 columns showed no con-
siderable tendencies regarding particle diameter or other 
column-specific parameters—only larger column pore sizes 
seemed to be having an effect (e.g., 16-Hypersil BDS C18, 
18-HyPurity C18, 4-Accucore C30). Even the comparison 
of various C18 columns with 4-Accucore C30, 1-Accucore 
C4 or a pentafluorophenyl column showed no direct cor-
relation. As consequence, minor differences in the physics 
and chemistry of the column could result in major differ-
ences in the separation of polymer HPLC. Beside this, three 
stationary phases—16-Hypersil BDS C18 (100 × 4.6 mm), 
18-HyPurity C18 (150 × 4.6  mm) and 4-Accucore C30 
(50 × 4.6 mm)—showed the best separation results. Com-
paring these three stationary phases with each other regard-
ing total runtime, the Accucore C30 was shorter in length 
and, consequently, offered shorter runtimes. Nonetheless, all 

three stationary phases provided a good separation perfor-
mance for linear and cyclic PDMS oligomers.

For further investigations of the influence of column pore 
size on separation quality, an additional measurement series 
was performed using four C18 columns from the same man-
ufacturer (Macherey–Nagel) while only varying mean pore 
sizes from 50 up to 1000 Å (see Table 2).

Except of mean pore size, the column’s carbon con-
tent C%, silica surface area S and binding density db were 
under investigation, too. Calculation of the binding density 
was done according to Eq. (1) [23] taking the molar mass 
M and number of carbon atoms per ligand nc into account.

Equation (1) showed that mean pore size, carbon con-
tent, and surface area were depending on each other for 
different columns. Figure 5 depicts a plot comparing the 
retention times of cyclic PDMS with respect to the mean 
pore size. Generally, with increasing pore size, the reten-
tion times of the oligomers decreased, while the separa-
tion performance in case of 1000 Å was found insufficient 
for cyclic oligomers. Thus, the separation performance 
decreased with increasing pore size. However, it was not 
possible to determine whether the separation quality was 
affected by pore size or other parameters.
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Fig. 3   Comparison of two C30 columns with methanol:water (75:25, 
v/v) as adsorption-promoting solvent and acetone as desorption-pro-
moting solvent: a YMC carotenoid C30 (100 × 4.6 mm) and b Accu-
core C30 (50 × 4.6  mm) with an effective linear gradient of 40  min 
duration; c Accucore C30 with an effective linear gradient of 160 min 
and a LC flow rate of 2.0 cm3 min−1

Fig. 4   Separation performance of various stationary phases, assessed 
according to the last separated pair of cyclic and linear PDMS oli-
gomers, all measurements were performed applying an effective lin-
ear gradient of 40  min with methanol:water (75:25, v/v) as adsorp-
tion-promoting solvent and acetone as desorption-promoting solvent
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Like the choice of stationary phase, as already dis-
cussed, the optimization of the mobile phase composition 
had decisive influence on the separation quality. There-
fore, the combination of various common HPLC solvents 
was investigated. Using pure solvents, like acetonitrile 
as adsorption-promoting solvent or THF as desorption-
promoting solvent, led to insufficient separation of linear 

Table 1   Overview of examined 
stationary phases for PDMS 
separation; as annotated the 
columns were purchased 
from Agilent (Waldbronn, 
Germany), Macherey–Nagel 
(Düren, Germany), MicroSolv 
Technology Corporation 
(Leland, USA), Thermo-Fisher 
(Waltham, USA), Phenomenex 
(Aschaffenburg, Germany) and 
YMC (Dinslaken, Germany)

No. Manufacturer Name Particle type Dimensions

1 Thermo-Fisher Accucore C4 2.6 µm, 150 Å 100 × 4.6 mm
2 Thermo-Fisher Accucore C8 2.6 µm, 80 Å 100 × 4.6 mm
3 Thermo-Fisher Accucore C18 2.6 µm, 80 Å 100 × 4.6 mm
4 Thermo-Fisher Accucore C30 2.6 µm, 150 Å 50 × 4.6 mm
5
5a
5b
5c

Phenomenex Kinetex PFP
Series: 619128-6
Series: 532053-72
Series: 525802-13

2.6 µm, 100 Å 100 × 4.6 mm

6
6a
6b

Phenomenex Kinetex F5
Series: 761360-10
Series: H16-372649

2.6 µm, 100 Å 100 × 4.6 mm

7 Phenomenex Luna PFP(2) 5 µm, 100 Å 150 × 4.6 mm
8 Agilent Poroshell PFP 2.7 µm, 120 Å 100 × 4.6 mm
9 YMC Carotenoid C30 3 µm, 80 Å 100 × 4.6 mm
10 Thermo-Fisher Accucore C18 aQ 2.6 µm, 80 Å 100 × 4.6 mm
11 Agilent Eclipse C18 5 µm, 80 Å 150 × 4.6 mm
12 Phenomenex EVO C18 2.6 µm, 100 Å 100 × 4.6 mm
13 MicroSolv Technology Cogent Bidentate C18 4.2 µm, 100 Å 150 × 4.6 mm
14 Macherey–Nagel Nucleosil 100 C18 5 µm, 100 Å 125 × 4 mm
15 Macherey–Nagel Nucleodur Pyramid C18 5 µm, 110 Å 150 × 4.6 mm
16 Thermo-Fisher Hypersil BDS C18 2.4 µm, 120 Å 100 × 4.6 mm
17 Phenomenex HyperClone BDS C18 5 µm, 130 Å 150 × 4.6 mm
18 Thermo-Fisher HyPurity C18 5 µm, 190 Å 150 × 4.6 mm
19 Macherey–Nagel Nucleosil C18 EC 5 µm, 50 Å 100 × 4.6 mm
20 Macherey–Nagel Nucleosil C18 EC 5 µm, 100 Å 100 × 4.6 mm
21 Macherey–Nagel Nucleosil C18 EC 5 µm, 300 Å 150 × 4.6 mm
22 Macherey–Nagel Nucleosil C18 EC 7 µm, 1000 Å 150 × 4.6 mm
23 Thermo-Fisher Accucore C30 2.6 µm, 100 Å 150 × 4.6 mm

Table 2   Extended overview of tested columns from Macherey–Nagel 
concerning pore size effects; all columns were purchased in April 
2017

No. Column 
name

Mean 
pore 
size/Å

Carbon 
content/%

Surface area 
silica/m2 g−1

Binding 
density/
µmol m−2

19 Nucleosil 
C18 EC

50 14.5 420 1.70

20 Nucleosil 
C18 EC

100 15.0 350 2.11

21 Nucleosil 
C18 EC

300 6.5 100 3.20

22 Nucleosil 
C18 EC

1000 1.0 25 1.97

Fig. 5   Dependence of the retention time of cyclic PDMS oligomers 
(D11–D17) on the mean pore size; the right y-axis depicts the char-
acteristics of carbon content in context to mean pore size. The meas-
urements were done with methanol:water (75:25, v/v) as adsorption-
promoting solvent and acetone as desorption-promoting solvent and 
an effective linear gradient of 40 min on four different Nucleosil C18 
EC columns described in Table 2
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and cyclic PDMS oligomers, as depicted in Fig. 1. For the 
examined low-molecular weight PDMS samples, methanol 
was a partial solvent and therefore, using pure methanol 
as adsorption-promoting solvent was not an option. Fur-
thermore, water was a too strong non-solvent and resulted 
in longer retention times for PDMS in combination with 
a minimization of the elution range. Taking these results 
and the aforementioned constraints of pentafluorophenyl 
columns for acetonitrile into account, a solvent mixture 
of methanol and water with a mixing ratio of 75:25 (v/v) 
was found considerably improving the separation quality 
(see Fig. 3). Additionally, the desorption-promoting sol-
vent THF showed overtightened dissolving properties, so 
that a less stronger solvent was needed for low-molecular 
mass PDMS. For PDMS with up to 30  [D-] repetition 
units, acetone was found to be an appropriate compro-
mise. Substituting acetone with the next higher homologue 
2-butanone (containing one methyl group more) showed 
a considerable decrease in separation of oligomers (see 
Fig. 6c).

All subsequently discussed data referring to pre-mixed 
mobile phase components present the best separation result 
for the appropriate pair of solvent mixtures. Figure  6a 

depicts an inadequate separation quality by using a mixture 
of acetonitrile and water (50:50, v/v) in combination with 
acetone. Substituting the acetonitrile–water mixture with 
acetone and water (75:25, v/v) in combination with pure 
acetone as desorption-promoting solvent resulted in a partial 
separation of linear and cyclic PDMS oligomers (Fig. 6c). 
However, none of these modifications of the mobile phase 
composition could improve the performance compared to 
methanol:water (75:25, v/v) and acetone at a C30 column.

Regarding the separation mechanism, polymer liquid 
chromatography provides various interactions between 
polymer and stationary phase, e.g., size-exclusion effects, 
adsorption chromatography or precipitation/re-dissolution 
chromatography [17]. Based on the comparison of column 
pore size and the parameters carbon content and surface 
area, the influence of actual size-exclusion effects should be 
circumstantial. As mentioned in [17, 24–26], an unambigu-
ous differentiation between adsorption and precipitation/
re-dissolution effects was difficult for the investigated low-
molecular weight PDMS oligomers. In ideal precipitation/
re-dissolution chromatography, altering the stationary phase 
should not result in different retention times for a polymer. 
As shown by comparing various stationary phases, the sepa-
ration performance remarkably differs for cyclic and linear 
PDMS oligomers. Thus, adsorption chromatography had a 
major impact on oligomer separation of PDMS. However, 
the superordinate influence of the mobile phase composition 
indicated a slight overlay with precipitation/re-dissolution 
effects.

In addition to analytical separation of PDMS oligomers, 
preparative polymer HPLC was used to fractionate pure 
linear PDMS oligomers. Therefore, a mixture of silicone 
oils, containing linear oligomers only, with viscosities 
of 5:10:20 mPa s at a mixing ratio of 1:1:4, without any 
solvent was directly injected on an Accucore C30 col-
umn (150 × 4.6 mm). Again, a mixture of methanol:water 

Fig. 6   Variation of mobile phase components (adsorption-pro-
moting solvent| desorption-promoting solvent) on a Accucore C30 
(50 × 4.6  mm) column: a acetonitrile: water (50:50, v/v)| acetone, b 
acetone: water (75:25, v/v)| acetone, c methanol:water (75:25, v/v)| 
2-butanone; cyclic PDMS orange, mixture of linear and cyclic PDMS 
green

Table 3   Gradient program for preparative separation of a 1:1:4 mix-
ture of linear PDMS with viscosities of 5, 10, and 20  mPa  s on an 
Accucore C30 (150 × 4.6  mm) with methanol/water (75/25, v/v) as 
solvent A, acetone as solvent B, and THF as flush solvent C

Time/min Solvent A/% Solvent B/% Solvent C/% LC flow 
rate/cm3 
min−1

0.00 50.0 50.0 0.0 2.0
40.00 17.0 83.0 0.0 2.0
90.00 7.0 93.0 0.0 2.0
90.50 0.0 0.0 100.0 2.0
96.00 0.0 0.0 100.0 2.0
96.01 50.0 50.0 0.0 1.0
97.00 50.0 50.0 0.0 2.0
103.00 50.0 50.0 0.0 2.0
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(75:25, v/v) was used as adsorption-promoting solvent 
and THF as desorption-promoting solvent with a multi-
linear gradient shown in Table 3. After injecting 1.0 cm3 
of the PDMS mixture, linear PDMS oligomers from Si9 
up to Si48 (depicted in Table 4) were obtained by fraction 
collection. The purity of each fraction was analyzed with 
LC–MS and for most fractions, purities above 95 or 99% 
were found. The major impurities were hydroxy-terminated 

linear PDMS and low amounts of cyclic silicones. The 
results of semi-preparative studies showed a good appli-
cability of the analytical separation approach. Moreover, 
combining preparative polymer HPLC with other analyti-
cal methods may improve the understanding of varying 
behaviors of different linear PDMS oligomers in future 
investigations.

Conclusion

A polymer HPLC method for separation of linear and cyclic 
PDMS was developed and optimized. The new method 
offers complementary information to gas chromatography 
for low-molecular weight PDMS oligomers and expanded 
the analytical range of baseline-separated linear and cyclic 
oligomers up to 30 [D]–block units. Therefore, stationary 
phase and mobile phase were optimized investigating sev-
eral parameters. On the one hand, the chemical and physi-
cal properties, like pore size, carbon content, silica basis 
material or phase modification of the stationary phase were 
adjusted achieving an efficient separation system. On the 
other hand, various mobile phase compositions showed the 
dependence on oligomer separation regarding minor changes 
in polymer solubility and elution strength. Taking all param-
eters together, the separation mechanism may be primarily 
driven by adsorption effects superimposed with solubility or 
rather precipitation/re-dissolution effects. In addition to the 
analytical method development, preparative separation of 
linear PDMS oligomers was investigated and the appropriate 
oligomers were isolated for the first time. Fractions contain-
ing only a single oligomer were obtained allowing further 
investigations of these isolated species with other analytical 
techniques, such as mass spectrometry and nuclear magnetic 
resonance spectrometry.

Experimental

All solvents used were HPLC grade. Acetonitrile, acetone, 
2-butanol, methanol, and non-stabilized tetrahydrofuran 
were purchased from Merck (Darmstadt, Germany) and 
used without further purification. Water was obtained from 
a Milli-Q-Advantage A10 water system (Merck Millipore). 
All applied poly(dimethylsiloxane) standards were obtained 
from Wacker Chemie AG (Burghausen, Germany). The used 
stationary phases for method development and analytical 
as well as preparative measurements are summarized in 
Table 1. For preparative analysis, a mixture of silicone oils 
with viscosities of 5:10:20 mPa s at a mixing ratio of 1:1:4 
without any solvent dilution was used.

Table 4   Amount of linear 
PDMS oligomers fractionated 
by preparative HPLC on 
an Accucore C30 column 
(150 × 4.6 mm) and the 
corresponding purity 
determined by LC–MS

Name Amount/mg LC–MS 
purity/%

Si9 7.2 > 99
Si10 15.5 > 99
Si11 20.2 > 99
Si12 24.6 > 99
Si13 29.9 50
Si14 28.9 > 99
Si15 24.9 > 99
Si16 22.4 > 99
Si17 19.9 > 99
Si18 18.4 > 99
Si19 16.5 50
Si20 17.5 50
Si21 17.7 75
Si22 15.5 90
Si23 19.2 95
Si24 17.7 > 95
Si25 17.2 > 95
Si26 16.2 > 95
Si27 15.5 > 99
Si28 15.0 > 95
Si29 14.1 > 95
Si30 13.1 > 95
Si31 13.0 > 95
Si32 12.1 > 95
Si33 12.5 > 99
Si34 9.9 > 99
Si35 9.9 > 99
Si36 9.5 > 99
Si37 8.9 > 99
Si38 7.9 > 99
Si39 8.1 > 99
Si40 7.2 > 99
Si41 7.2 > 99
Si42 5.3 > 99
Si43 5.9 > 99
Si44 5.7 > 99
Si45 4.7 > 99
Si46 4.4 > 99
Si47 4.6 > 99
Si48 4.3 > 99
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Instrumentation

All investigations on analytical scale were performed on 
a 1100 series LC System of Agilent (Waldbronn, Ger-
many) with a tetrahydrofuran-resistant 3215α degasser 
from ERC (Riemerling, Germany) and a 385 ELSD of Agi-
lent equipped with an enhanced parallel-path MiraMist® 
poly(tetrafluoroethylene) nebulizer from Burgener Research 
(Mississauga, Ontario, Canada) at optimized conditions [13] 
of 40 °C evaporator temperature, 90 °C nebulizer tempera-
ture and 1.2 SLM (standard liter per minute) gas flow, unless 
otherwise mentioned. Chromeleon 7.2 was used as chroma-
tography software for all measurements. All optimization 
measurements were performed from 100% A to 100% B in 
a linear gradient of 40 min and a LC flow of 1.0 cm3 min−1 
for column dimensions of 100 × 4.6 mm, 2.6 µm particles, 
unless otherwise mentioned. For all analytical stationary 
phases with different dimensions, the gradient settings were 
adapted to obtain the same effective linear gradient (40 min 
at 100 × 4.6 mm column). The optimized method for analyti-
cal separation of linear and cyclic PDMS was performed on 
an Accucore C30 (50 × 4.6 mm, 2.6 µm) with a linear gradi-
ent starting at (methanol:water (75:25, v/v)): acetone 50:50 
and ending at 100% acetone in 160 min and a LC flow rate 
of 2.0 cm3 min−1.

Preparative HPLC measurements were performed on an 
Agilent 1260 Infinity II LC system equipped with a TCC 
6000 PSS (Mainz, Germany) column oven, a tetrahydro-
furan-resistant PSS degasser, and an Agilent 35900  E 
analog/digital converter and a PL ELS 1000 as detector. For 
fraction collection, an Agilent 1260 Infinity II fraction col-
lector was used. Open Lab CDS C.01.08 was used as chro-
matography software. A mixture of methanol:water (75:25, 
v/v) was used as adsorption-promoting solvent and acetone 
as desorption-promoting solvent. The used gradient settings 
are summarized in Table 3. For monitoring the purity of the 
collected fractions, a Bruker (Bremen, Germany) amazon SL 
ion trap liquid chromatography mass spectrometer, equipped 
with an electrospray ionization interface, was used.
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