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Jitka Kalasová a,b , Orly Tarun c, Yevhen Shynkarenko d, Martin Kuentz b,*

a University of Basel, Department of Pharmaceutical Sciences, Klingelbergstrasse 50, 4052 Basel, Switzerland
b University of Applied Sciences and Arts Northwest. Switzerland, School of Life Sciences, Institute for Pharma Technology and Biotechnology, Hofackerstr. 30, 4132 
Muttenz, Switzerland
c Oryl Photonics SA, 1066, Route de la Corniche 5B, Epalinges, Switzerland
d Swiss Center for Electronics and Microtechnology (CSEM), 7302 Landquart, Switzerland

A R T I C L E  I N F O

Keywords:
Solubility screening
Second harmonic scattering
Poorly water-soluble drugs
Critical micelle concentration
High-throughput analysis
Self-assembly
Drug aggregation

A B S T R A C T

Aqueous solubility is a crucial physicochemical property influencing drug absorption and bioavailability. Current 
solubility assays, whether assessing thermodynamic or kinetic solubility, involve trade-offs between accuracy, 
detection limit, speed, and resource consumption. Therefore, this study introduces a novel approach to drug 
solubility assessment based on non-resonant second harmonic scattering (SHS), which detects interfacial fluc
tuations of water molecules surrounding solutes. The apparent solubility of 14 poorly water-soluble model drugs 
was measured and compared to high pressure liquid chromatography (HPLC) data. Furthermore, the supersat
uration propensity, defined as the ratio of solubility measured at one hour to that at 24 h, was evaluated for all 14 
compounds. Lastly, the self-assembly behaviour was investigated, using sodium lauryl sulphate (SLS) as a 
reference system to benchmark micellization in the given forward-scattering SHS platform. The results showed a 
strong correlation between the SHS and HPLC solubility data (r = 0.9273). Supersaturation propensity was 
assessed and linked to the glass-forming ability and thermal properties of the drugs, whereby ketoconazole and 
tamoxifen exhibited the best supersaturation performance. Moreover, the critical micelle concentration of SLS 
appeared as a local minimum following a peak in SHS intensity, reflecting an increase in structural bulk cen
trosymmetry due to micelle formation. Similar micelle-like patterns were observed for five model drugs (i.e., 
amiodarone, felodipine, meclizine, tamoxifen, torcetrapib), suggesting the formation of self-assembled structures 
at concentrations above the solubility limit. These findings demonstrate the potential of non-resonant SHS as a 
promising analytical tool for solubility determination, offering a versatile, dynamic and high-throughput format 
with minimal compound and solvent consumption, while also providing insights into drug aggregation or self- 
assembly at the molecular level.

1. Introduction

Aqueous solubility is a key physicochemical parameter that typically 
affects absorption and bioavailability of a drug after oral administration. 
Therefore, accurate solubility determination and a thorough under
standing of molecular behaviour in solution are crucial from the early 
stages of drug development (Williams et al., 2013). Depending on the 
experimental configuration, solubility assays can measure either the 
thermodynamic (equilibrium) or kinetic solubility of a compound. State- 
of-the-art techniques for solubility measurement often involve trade-offs 
between accuracy, detection limit, speed, and resource consumption 
(Alsenz and Kansy, 2007).

The shake-flask method, considered the ‘gold standard’ for thermo
dynamic solubility determination, involves equilibrating an excess of 
drug in dissolution media until equilibrium is reached, followed by 
centrifugation and/or filtration and quantification using HPLC/MS or 
HPLC/UV (Barrett et al., 2022; Wyttenbach et al., 2007). While reliable 
and easy to perform, this method is time-consuming, requires calibra
tion, and uses comparatively large volumes of solvent, making it less 
appealing from a sustainability perspective. Additionally, the chal
lenging aspect is the addition of the drug in excess due to its sparse 
availability during early development. Finally, for drugs that are almost 
insoluble, the detection limit becomes a concern.

A second method of choice is the potentiometric acid-base titration 
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method, introduced by Avdeef, which is used to determine intrinsic 
solubility and solubility-pH profiles of ionizable compounds (Avdeef, 
1998; Etherson et al., 2014). This method delivers full solubility-pH 
profiles from a single titration, but is limited to ionizable compounds, 
and does not support high speed testing. Researchers have also intro
duced alternative solubility methods such as surface UV imaging 
(Boetker et al., 2011; Niederquell and Kuentz, 2014), or single particle 
analysis but both approaches have their limitations in providing robust 
quantitative data in a high-throughput (HT) format (Hokkala et al., 
2022).

Current trends, especially in early discovery, lean towards HT kinetic 
solubility screening to rapidly evaluate a large library of compounds 
with minimal material consumption. Such kinetic measurements often 
overestimate the true equilibrium solubility due to drug supersaturation 
(Barrett et al., 2022). However, by extending the protocol to several 
hours or days, allowing enough time for the drug to reach equilibrium, 
the measured values closely approach the thermodynamic solubility 
(Sou and Bergström, 2018). Initially, compounds to be tested are dis
solved in DMSO, and then dispensed in dissolution medium (the final 
DMSO concentration in the sample should be kept to a minimum, i.e. ≤
1 %). There is a wide range of HT solubility assay protocols available 
(Alsenz and Kansy, 2007; Bevan and Lloyd, 2000; Brea et al., 2024; 
Dehring et al., 2004; Hoelke et al., 2009; Wyttenbach et al., 2007), 
however they primarily revolve around three fundamental analysis 
principles: (i) filtration followed by HPLC quantification, (ii) turbidim
etry (measuring transmitted light) or (iii) nephelometry (measuring 
light scattered by suspended particles). While the limitations of HPLC 
have been addressed already, the benefit in speed with the turbidimetry 
method can be easily outweighed by the need to calibrate for each sol
vent used and its higher limit of detection (Alsenz and Kansy, 2007). 
Laser-based nephelometry, also referred to as nephelometry-based light 
scattering is a rapid and versatile technique for solubility measurements. 
However, its main drawback is a detection limit of approximately 20 µM 
(Hoelke et al., 2009). This implies that the amount of precipitate in the 
solution must be high enough to induce a light scattering intensity signal 
that clearly exceeds the background signal.

The present work is a pilot study to introduce a novel HT analytical 
technique based on non-resonant second harmonic scattering (SHS) for 
rapid and precise solubility determination with low resource consump
tion and high sensitivity. To evaluate its accuracy, the new technique 
was compared with state-of-the-art solubility data. The method is non- 
destructive, robust, and has the potential to complement the analysis 
with additional information on the mechanistic and kinetic aspects of 

drug aggregation in solution. A notable previous study demonstrated 
that SHS can sensitively capture the micellization processes of surfac
tants using a conventional cuvette-based, right-angle detection geome
try (Bonhomme et al., 2021). By contrast, the present study examined 
whether such micellization behaviour can also be observed using a 
forward-scattering setup, and the approach was extended to amphiphilic 
drug molecules to probe their self-assembly phenomena.

2. Theoretical background of second harmonic generation

Second harmonic generation (SHG) is a second-order optical process 
in which two photons of frequency ω are converted into a single second 
harmonic (SH) photon 2ω, as illustrated in Fig. 1A. SHG occurs via light- 
matter interaction based on the molecular hyperpolarizability of a ma
terial, which is non-zero for anisotropic molecules (Dok et al., 2021; 
Gomopoulos et al., 2013). In addition, for coherent SH photons to be 
generated (under the electric-dipole approximation), the anisotropic 
molecules must be arranged noncentrosymmetrically. This requirement 
is generally fulfilled at planar interfaces, where structural irregularities 
disrupt the centrosymmetry, facilitating the generation of SH photons. 
SHG has, therefore, become a powerful method for probing surfaces and 
interfaces of different nature at the molecular level (Roke, 2009).

When extended from planar interfaces to scattering objects in solu
tion, the phenomenon is referred to as second harmonic scattering 
(SHS). In this case, centrosymmetry is broken at the solute–solvent 
interface, giving rise to a SH signal (Gomopoulos et al., 2013; Gonella 
and Dai, 2014). In aqueous systems, the alignment and fluctuations of 
water molecules around solutes dominate the SHS signal (Chu et al., 
2023b, 2023a).

SHG and SHS have demonstrated broad applicability across 
numerous scientific disciplines. SHG has been employed to characterize 
crystals and material systems (Chen et al., 2021; Fiebig et al., 2005), 
interfacial studies (Roke, 2009), and bioimaging (Aghigh et al., 2023). 
SHS has enabled analysis of nano-sized particles, droplets, and vesicles 
within liquid and solid matrices (Jen et al., 2009; Roke et al., 2003; Roke 
and Gonella, 2012). In pharmaceutical formulations, SHG imaging has 
been applied to polymorphism and solid-state analysis (Sherman et al., 
2020), or amorphous solid dispersion stability (Novakovic et al., 2018). 
Elkhabaz et al. (2019) used SHG microscopy to monitor crystallization 
during dissolution of posaconazole amorphous solid dispersions, 
thereby revealing solid-state transformations. In addition, sum fre
quency generation (SFG) spectroscopy, another nonlinear optical 
method, has recently been applied to pharmaceutical systems to probe 

Fig. 1. Using non-resonant second harmonic scattering to study aggregation and solubility. A) Sketch of non-resonant second harmonic generation where two 
incident photons of frequency ω combine into a SH photon of frequency 2ω. B) Simplified view of water redistribution around a solute at different stages of ag
gregation. At drug concentrations below the solubility threshold, drug monomers are uniformly solvated, forming a homogeneous solution and resulting in negligible 
second harmonic scattering (SHS) signal due to isotropic solvent distribution. As concentration increases and transient molecular clusters form near the solubility 
threshold, dynamic solvent rearrangements disrupt centrosymmetry, giving rise to SH photons generation.
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drug–polymer interactions at aqueous interfaces (Joshi et al., 2021; 
Singh et al., 2021). In contrast, the present study applies SHS to probe 
solubility and aggregation directly in the liquid phase. Further details on 
the applicability in pharmaceutical formulation can be found in the 
review provided by A. Sherman et al. (Sherman et al., 2021).

Although commercial SHG imaging instruments exist, their appli
cations have so far focused mainly on crystallinity and solid-state 
characterization, and they typically require complex, research-grade 
optical setups. This has limited the broader industrial uptake of SHG/ 
SHS in routine workflows. The present work addresses this by intro
ducing a forward-scattering, plate-based SHS platform designed as a 
compact, laser-safe one-box system to measure in solution phase.

In this approach, non-resonant SHS operates label-free, with the 
forward-scattered signal reflecting solvent reorganization around sol
utes at different stages of aggregation (Fig. 1B). Below the solubility 
threshold, solutes remain monomeric and the recorded SHS signal is 
negligible (but detectable) as the isotropic solvent distribution leads to 
destructive interference of SHG contributions (Gomopoulos et al., 
2013). Near the solubility limit, transient molecular assemblies start to 
form, and the surrounding water molecules undergo pronounced fluc
tuations that disrupt this symmetry. The resulting asymmetry prevents 
cancellation and gives rise to a measurable SHS signal. At higher con
centrations, aggregate formation amplifies the response. Tracking SHS 
intensity and variability therefore allows for a direct readout of aggre
gation onset and solubility limits.

3. Materials and methods

3.1. Chemicals

The chemicals used in this study have been provided from different 
sources. Amiodarone, tamoxifen, and torcetrapib were purchased from 
AK Scientific (Union City, CA, USA); corticosterone, meclizine, mefe
namic acid, tartaric acid, and testosterone were purchased from Sigma- 
Aldrich (Merck KgaA, Taufkirchen, Germany); felodipine, fenretinide, 
ketoconazole, miconazole, piroxicam, and progesterone were obtained 
from Biosynth (Carbosynth Ltd, Compton, GB), and flurbiprofen was 
obtained from Acros Organics (Geel, Belgium). Sodium chloride (NaCl) 
and sodium lauryl sulfate (SLS) were purchased from Sigma-Aldrich 
(Merck KGaA, Taufkirchen, Germany). The phosphate buffer was pre
pared using disodium hydrogen phosphate and monopotassium phos
phate, both purchased from AK Scientific (Union City, CA, USA). 
Anhydrous dimethyl sulfoxide (DMSO) was obtained from Sigma- 
Aldrich (Merck KGaA, Taufkirchen, Germany) and was used as 
received for stock solution preparation. Ultrapure water (conductivity 
≤ 0.055 μS/cm) was obtained from a Sartorius arium® pro system 
(Sartorius Lab Instruments, Göttingen, Germany) and was used in all 
experiments. Prior to use, ultrapure water, buffer, and sodium chloride 
solutions were filtered through 0.22 µm syringe filters (Millex®-GS, 
MCE membrane, Millipore, Burlington, MA, USA).

3.2. Drug samples preparation

Molecular aggregation and solubility of 14 poorly water-soluble 
drugs (PWSDs) was measured in phosphate buffer (50 mM) of pH 6.5 
at room temperature. Each compound was initially dissolved in DMSO to 
prepare a master stock solution (ranging from 1 mM to 400 mM, 
depending on the tested concentration range). This master stock was 
then stirred for 2 h and filtered through a 0.45 µm HPLC-filter (17 mm 
Titan HPLC-filter, PTFE, Infochroma AG, Goldau, Switzerland). Serial 
dilutions (dilution factor = 2 or 1.25) of the master stocks were per
formed to obtain the desired set of concentrations for solubility testing 
(a total of 11 drug concentrations, along with one blank sample con
taining 1 % (v/v) of DMSO). For the solubility assay, 99 µL of buffer was 
dispensed to each well of a half area 96 well-plate made of cyclic olefin 
copolymer (Greiner Bio-One GmbH, Frickenhausen, Germany), followed 

by dispensing 1 µL of the appropriately diluted DMSO drug stock. All 
drug samples were measured in three replicate-sets. The first column of 
each plate was assigned for the blank sample that contained 1 % (v/v) 
DMSO in buffer. Tartaric acid, noted for its high water-solubility, was 
included in the study as a negative control for the concentrations stud
ied. The prepared plates were sealed using Titer Tops® sealing film (USA 
Scientific, Inc., Ocala, Florida, USA) to prevent evaporation and 
contamination. To ensure uniform distribution of the samples and to 
eliminate any microbubbles that could interfere with the measurements, 
the sealed plates were centrifuged using a Centrifuge 5810 R (Eppen
dorf, Hamburg, Germany) at 1000 rpm for 1 min. Following sample 
preparation, the samples were analysed using the SHS technique at 
designated time intervals of 10 min, 60 min, and 24 h from preparation. 
After 24 h, the pH was measured.

For critical self-assembly concentration (CSAC) measurements, 
extended concentration ranges were prepared for fenretinide (0–100 
µM), felodipine (0–400 µM), tamoxifen (0–400 µM), and torcetrapib 
(0–50 µM). For amiodarone, meclizine, and miconazole, CSAC assess
ment was performed in parallel with solubility testing. Seven com
pounds for which the required stock concentrations exceeded solubility 
limits (corticosterone, flurbiprofen, ketoconazole, mefenamic acid, pir
oxicam, progesterone, and testosterone) were excluded from CSAC 
analysis.

3.3. Surfactant sample preparation

The micellization process of amphiphilic molecules was investigated 
using SLS, a well-characterized surfactant system, in water, 0.01 M and 
0.10 M NaCl solutions. First, a 10 mM stock solution of SLS was prepared 
in deionized water or the respective NaCl solution. The stock was stirred 
for 4 h until equilibrated and then serially diluted (dilution factor = 2) to 
make 11 concentration levels for the experiment. Following dilutions, 
the solutions were equilibrated for another 4 h, filtered through a 0.22 
um syringe filter and 100 µL was dispensed into a half area 96 well-plate 
made of cyclic olefin copolymer (Greiner Bio-One GmbH, Frick
enhausen, Germany). A blank sample along with a negative control 
(tartaric acid in 0.10 M NaCl) was included. The same procedure used 
for the drug samples was followed: the samples were sealed, centrifuged 
and measured after 24 h.

3.4. Second harmonic scattering instrumentation

Fig. 2 illustrates a simplified schematic of the second harmonic 
scattering system, adapted from the design disclosed in WO 2025082878 
A1 (Tarun et al., 2025). An ultrafast laser with wavelength of 1030 nm, 
repetition rate of 66.67 kHz and pulse duration of ~ 350 fs (NKT Pho
tonics A/S, Birkerød, Denmark) was used to illuminate the sample. The 
laser beam was directed to a liquid sample contained in a half area 96 
well-plate. The sample volume was fixed to 100 µL. A blocker with a 
light trap is used to block the fundamental (1030 nm) beam. The second 
harmonic signal was collected by a collection lens and filtered with a 
combination of optical filters before being directed to a photomultiplier 
tube (PMT). A detection electronics integrated the current generated by 
the PMT for a defined number of pulses (for clarity represented in ms) 
and converted it to a voltage. The acquisition time was set to 150 ms. 
Each data point was recorded as a mean of 30 measurements. No 
external calibration against drug concentration standards was required 
in this setup, as the SHS signal was collected at 515 nm, while the 
fundamental wavelength was 1030 nm, eliminating overlap with linear 
absorption. For each well, a background signal was first recorded with 
the laser off and automatically subtracted from subsequent SHS scans, 
ensuring background-corrected intensities. The instrument performance 
was verified using H2O/D2O mixtures (Fig. S1, Supplementary Mate
rial), which are known to produce a linear increase in SHS signal with 
D2O content as previously reported (Chen et al., 2016).
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3.5. SHS data analysis and visualization

The SHS data were processed, visualized and statistically evaluated 
using RStudio (version 2024.12.1, Posit PBC, Boston, USA). An essential 
part of the data analysis involved inspecting for outliers, which are 
critical given the high sensitivity of the SHS technique. Factors such as 
the presence of dust, airborne particles, fibres, or any damage to the well 
plate bottoms can significantly affect the results, leading to outliers. 
Outliers were identified and categorized into two types based on their 
deviation and expected patterns: i) Extreme values – these outliers were 
characterized by extremely high SH intensities compared to the rest of 
the measured values for the specific compound. Such outliers were 
removed to prevent distortion in the analysis; ii) anomalous peaks – this 
type involved a signal intensity that showed a sudden peak exceeding a 
3σ threshold from the baseline. If the following signal recorded for a 
higher concentration returned below this threshold, the peak was 
considered an outlier and was excluded from the solubility calculation. 
Blank sample data were cleaned using the interquartile range method, 
which identifies outliers as values that fall well below or above the 
central 50 % of the data. Any such outliers were removed. If an outlier 
was detected in the blank sample, it was replaced with the average blank 
value calculated across all experiments.

Following data preprocessing, a baseline signal was established using 
the first three concentration points, which included the blank (0 µM) and 
the two lowest tested concentrations. These samples were well below the 
solubility limit and thus free of detectable particles, ensuring that the 
baseline reflected the true noise level of the measurement. Each of these 
points represented the mean of 30 consecutive measurements. The 
baseline signal was calculated as the arithmetic mean of these three 
averaged values, and its variability was expressed as the standard de
viation (σ). An upper threshold was then defined as baseline + 3σ. The 
solubility limit was determined by identifying the intersection between 
this threshold and the linearly interpolated SHS signal curve (see Fig. 3), 
thereby capturing the onset of a concentration-dependent increase in 
signal intensity attributable to aggregation.

For comparative and visualization purposes, raw SHS intensities 
were baseline-corrected by subtracting the blank signal and subse
quently normalized to the blank.

A paired t-test was used to determine if there were significant dif
ferences in the mean values obtained by the new SHS technique and the 
HPLC method. Subsequently, Pearson correlation analysis was per
formed to evaluate the strength and direction of the linear relationship 
between the methods where a p-value of less than 0.05 was considered 
as statistically significant.

3.6. Reference solubility determination using shake-flask method followed 
by HPLC quantification

To determine the thermodynamic solubility of mefenamic acid and 
progesterone by a reference method, an excess amount of each com
pound was added to 10 mL of phosphate buffer (50 mM, pH 6.5) and 
stirred at 500 rpm for 24 h at room temperature using a magnetic stirrer. 
After equilibration, the suspensions were centrifuged at 14,000 rpm for 
10 min, and the supernatants were filtered through 0.45 µm PTFE sy
ringe filters (17 mm Titan HPLC-filter, PTFE, Infochroma AG, Goldau, 
Switzerland). The clear filtrates were diluted 50-fold with the respective 
mobile phase and analysed by high-performance liquid chromatography 
(HPLC) using an Agilent 1260 Infinity II system (Agilent Technologies 
AG, Basel, Switzerland). For progesterone, the mobile phase consisted of 
acetonitrile and water (80:20, v/v) with detection at 240 nm, while 
mefenamic acid was analysed using a mobile phase of acetonitrile and 
0.1 % (v/v) aqueous o-phosphoric acid (80:20, v/v), with detection at 
288 nm. Both compounds were analysed on a 4.6 × 150 mm Bridge® 
C18 column (5 µm, Waters Corporation, Milford, USA) with a flow rate 
of 1 mL/min and an injection volume of 40 µL. All measurements and 
calibration curves were performed in triplicate and analysed using 
Agilent OpenLAB CDS ChemStation software (version 2.3.54, Agilent 
Technologies AG, Santa Clara, USA).

4. Results and discussion

4.1. Second harmonic scattering as a new technique for solubility 
measurements

Solubility is a central drug characteristic, which has particularly a 
biopharmaceutical relevance for a drug candidate to be therapeutically 
effective (Williams et al., 2013). Drug solubility testing evolves 
throughout development phases, each governed by distinct re
quirements. In the early preformulation phase, the high number of 
required experiments, coupled with limited compound availability, 

Fig. 2. Optical schematic for measuring the solubility and aggregation, adapted 
from a design disclosed in WO 2025082878 A1. An ultrafast laser is directed to 
a liquid sample contained in a 96 well-plate. A beam blocker is positioned under 
the well plate to block the fundamental beam. A set of lenses and filters collects 
the scattered second harmonic light and directs it to a photomultiplier 
tube (PMT).

Fig. 3. Scheme of solubility limit determination. An intersection between the 
interpolated data and a 3σ threshold was set as the solubility limit.
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presents a significant challenge. To address the limitations of conven
tional solubility testing, the present work aimed to introduce a novel 
optical method based on SHS. The generation of SH photons, which is 
sensitive to the molecular dipole arrangements within liquid samples, 
facilitates the detection of even the smallest clusters or aggregates. This 
capability should enable a precise determination of drug solubility, 
which was a main hypothesis of the present study.

First, an SHS instrument was built in line with the measurement 
scheme depicted in Fig. 2. An x-y robotic plate placement enabled 
analysis of well plates. The HT protocol employed here was efficient and 
sustainable in that less than 1 mL of DMSO stock solution was used for 
three replicate sets. This volume can be further reduced to approxi
mately 100 µL per 96-well plate when necessary. Filtration of samples 
was not needed, as the dispersed molecular and particle aggregates were 
the primary subject of bulk analysis. Given that the emission of SH 
photons occurs at a different wavelength (emission at 515 nm) from the 

source light beam (source beam at 1030 nm), the measurements were 
background-free, thus eliminating the need for calibration. The duration 
of the measurements was dependent on the set integration time and the 
number of measurements per well taken; however, it required approx
imately 15 min to analyse a whole 96-well plate.

4.2. Apparent solubility

The apparent solubility of 14 model poorly water-soluble drugs 
(PWSDs) was determined in phosphate buffer of pH 6.5 by assessing the 
SHS intensity as a function of concentration. The solubility values 
measured are presented in Table 1 and are compared with literature data 
(Ottaviani et al., 2015), where thermodynamic solubility was deter
mined through standard equilibration with an excess of drug followed 
by HPLC quantification. For mefenamic acid and progesterone, HPLC- 
based solubility values were also measured in this study.

Table 1 
Molecular weight (Mw), HPLC-based solubility values (from literature or measured), compared with SHS-measured apparent solubility after 1 h and 24 h in phosphate 
buffer (pH 6.5, room temperature). Supersaturation propensity (SP) was calculated as the ratio of apparent solubility at 1 h to that at 24 h.

Compound Mw (g/mol) HPLC solubility (µM) SHS solubility after 1 h (µM) SHS solubility after 24 h (µM) SPd

Amiodarone 645.3 < 1.6a 3.9 ± 3.5 1.7 ± 1.1 2.2
Corticosterone 346.5 542.6a 305.1 ± 93.9 192.1 ± 17.7 1.6
Felodipine 384.3 < 3.1a 1.7 ± 1.3 1.3 ± 0.4 1.3
Fenretinide 391.6 < 0.3a 0.6 ± 0.2 0.4 ± 0.2 1.6
Flurbiprofen 244.3 3323.8a 3106.2 ± 814.1 1117.9 ± 110.9 2.8
Ketoconazole 531.4 9.4a 62.7 ± 3.8 3.8 ± 0.5 16.4
Meclizine 390.9 < 2.6a 7.2 ± 0.8 2.6 ± 0.7 2.8
Mefenamic acid 241.3 59.0 ± 1.5b 62.6 ± 0.1 62.2 ± 3.0 1.0
Miconazole 416.1 < 2.4a 4.9 ± 3.3c 2.2 ± 0.8 2.2
Piroxicam 331.3 416.4a 375.5 ± 34.5 589.9 ± 58.8 0.6
Progesterone 314.5 33.5 ± 1.4b 25.0 ± 0.0 25.0 ± 0.0 1.0
Tamoxifen 371.5 15.9a 22.8 ± 2.4 4.3 ± 0.3 5.3
Testosterone 288.4 83.2a 125.7 ± 1.1 125.1 ± 0.0 1.0
Torcetrapib 600.5 < 0.2a 2.6 ± 0.2 3.5 ± 1.5 0.7

aHPLC-based solubility values sourced from literature (Ottaviani et al., 2015).
bHPLC-based solubility values measured in this study (24 h data; see Supplementary Material, Table S2).
cTransient clusters were observed at 1 h but disappeared by 24 h; these were excluded from the solubility calculation. Inclusion would result in a solubility of 0.2 ± 0.0 
µM and an SP value of 0.1.
dSupersaturation Propensity: Defined as the ratio of solubility measured at 1 h to that measured at 24 h.
e(Wyttenbach et al., 2016).
f(Alhalaweh et al., 2015).

Fig. 4. Correlation between solubility quantification by SHS method (24 h data) and the traditional shake-flask method followed by High Performance Liquid 
Chromatography (HPLC) quantification. A strong positive correlation was observed (r = 0.9273, p < 0.001, n = 14) indicating high comparability between the two 
methods. Regression line (blue), data points (▴), and 95 % confidence interval of the regression (grey area) are shown. (For interpretation of the references to colour 
in this figure legend, the reader is referred to the web version of this article.)
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The pH can significantly affect the ionization of drugs, and conse
quently, their solubility. Therefore, pH was measured after each 
experiment and owing to the high buffering capacity of the medium (50 
mM), it remained stable within 0.1 units across all experiments 
(Table S1).

Statistical analysis, including a paired t-test and Pearson correlation, 
was conducted to compare the new SHS method with the established 
HPLC method. The paired t-test showed no significant difference in 
mean solubility (p = 0.309) and accordingly, Pearson correlation 
revealed a strong, statistically significant relationship (r = 0.9273, p <
0.001, n = 14), as shown in Fig. 4. Although the absolute values for some 
compounds deviated between the two methods, such discrepancies are 
not unexpected. As highlighted by Andersson et al. (2016), even when 
harmonized protocols and identical compounds were used across mul
tiple laboratories, significant interlaboratory differences in solubility 
values were observed. Importantly, the differences between SHS and 
HPLC in our study remained within the same order of magnitude and 
typically were less than half a log unit, which is well within the vari
ability commonly reported in solubility studies. Efforts to reduce inter- 
laboratory variance include the use of excess solid, strict control of 
pH, extended equilibration times, and thorough solid-state character
ization (Avdeef et al., 2016). However, such conditions are not always 
directly transferable to miniaturized formats, where assay throughput, 
reduced volumes, and limited incubation times impose practical con
straints. This calls for more comparative data at the scale of well-plates 
and to explore new methods of fast and accurate solubility determina
tion in line with the current study aims. The present findings suggest that 
the novel SHS technique provides comparable results to state-of-the-art 
miniaturized solubility experiments, while having advantages regarding 
speed, material and solvent consumption.

The accuracy of the solubility determination depended on the 
number of samples per single replicate set (as well as the number of 
replicate sets). For compounds with unknown solubility, a broad range 
of concentrations, e.g. 12 concentrations spanning from 0 to 1000 µM, 
can be tested initially. Once a solubility limit is detected in such scouting 
experiments, this range can be appropriately narrowed to refine the 
analysis. In this study, having access to literature data with known sol
ubility values allowed us to tailor the tested concentration ranges 

without need for an initial concentration screening.
The higher apparent solubility values at 1 h followed by a decline at 

24 h reflect supersaturation and subsequent precipitation, a transient 
phenomenon previously reported for poorly water-soluble drugs 
(Schwebel et al., 2011). The explanation for the higher variability in 
some cases lies in both the measurement time and the tested concen
tration range. At 1 h, the elevated standard deviations mainly reflected 
the unstable supersaturated state, where clustering and precipitation 
were quite dynamic, leading to greater variation between replicates. At 
24 h, when the system had reached equilibrium, variability stemmed 
primarily from the wider concentration increments used. Larger spacing 
between tested concentrations reduces the precision of solubility esti
mates when applying the 3σ approach, and this effect can be mitigated 
by increasing the number of tested concentrations (e.g., from 12 to 24) 
and using narrower increments.

Fig. 5 shows the SHS intensity profile for tamoxifen across a con
centration range of 0 to 100 µM. At low concentrations (0–3.1 µM), 
where the solubility limit was not exceeded, the normalized SHS signal 
remained stable and reproducible across three independent replicate 
sets. The low variability indicated high precision of the method in 
detecting weak responses from isolated molecules in solution. As the 
concentration increased beyond the solubility limit, a sharp rise in SHS 
intensity was observed. This increase marked the onset of molecular 
clustering and aggregate formation, which disrupted dipole symmetry 
and led to enhanced SHS signals (a characteristic feature of non- 
centrosymmetric molecular assemblies). The rise in SH intensity 
enabled the experimental determination of the solubility threshold. As 
the concentration continued to increase, the number and possibly the 
size of scatterers increased, further amplifying the signal. The SHS in
tensity profiles as a function of concentration for the remaining 13 
compounds are provided in the Supplementary Material (Fig. S2).

The SHS response depends not only on the number of scattering 
particles and size but also on factors such as molecular hyper
polarizability, refractive index, and local field effects (Dok et al., 2021). 
For particles larger than λ/50 (~20 nm), where λ is the wavelength of 
the source light, additional structural insights (e.g., size and shape) can 
be obtained from angle-resolved SH measurements (Chu et al., 2023b; 
Dok et al., 2021; Yang et al., 2001), however, this was beyond the 
present scope.

The SHS method demonstrated reproducible solubility measure
ments across a diverse range of poorly soluble drugs with minimal 
sample volumes, showing a strong agreement with HPLC values. Its 
plate-based format and low material requirements make it a practical 
tool for a fast solubility screening in early drug development.

4.3. Supersaturation propensity

Poor solubility often limits the progression of drug candidates 
despite otherwise favourable properties. To address this, the focus is 
often on evaluating the capacity of a compound to maintain supersat
uration as this could be addressed by formulation technology (Skolnik 
et al., 2018). Supersaturation is a state in which the drug remains dis
solved at concentrations exceeding the thermodynamically favoured 
equilibrium solubility. For orally administered drugs, achieving and 
maintaining supersaturation results in higher concentrations in the in
testinal compartment, which subsequentially leads to increased flux 
across the intestinal membrane and thereby increased absorption 
(Williams et al., 2013).

With the new SHS method, we investigated the ability of the 14 
PWSDs to achieve supersaturation by accessing the SHS intensity pro
files as a function of concentration and time. The samples were 
measured in phosphate buffer of pH 6.5 after 10 min, 1 h and 24 h (these 
experiments were performed concurrently with the apparent solubility 
measurements, without necessitating additional sample preparation). 
Subsequently, a supersaturation propensity (SP) parameter was deter
mined by calculating the ratio of apparent solubility measured at 1 h to 

Fig. 5. Normalized second harmonic scattering (SHS) intensity as a function of 
concentration for tamoxifen, measured at 24 h from preparation. The plot 
presents data from three independent replicate sets (in shades of blue), along 
with a negative control (highly water-soluble tartaric acid, in grey). Error bars 
represent the variability across 30 measurements of a single sample. The SHS 
signal in the low concentration region (0–3.1 µM) remained flat, indicating 
consistent measurements in the absence of detectable aggregation. (For inter
pretation of the references to colour in this figure legend, the reader is referred 
to the web version of this article.)
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that measured at 24 h (see Table 1). This ratio provides insight into the 
capacity of the drug to supersaturate.

Fig. 6A shows the behaviour of miconazole across different concen
trations and time points. At concentrations between 0.2 and 3.0 µM, 
elevated signal fluctuations were observed after 10 and 60 min but 
vanished after 24 h. This pattern was detected in all three replicate sets 
(data not shown). Such behaviour may reflect short-lived aggregates or 
liquid–liquid phase separation (LLPS). Given the low glass transition 
temperature of miconazole (Tg = − 0.7 ◦C; Table S3), phase separation at 
higher concentrations is more likely to yield liquid droplets than a rigid 
glass. In concentrated solution, such liquid-like de-mixing into drug-rich 
droplets can be favoured over direct precipitation. Consistent with this 

interpretation, a simplified thermodynamic estimate of the highest 
achievable amorphous solubility was ~ 17.9 µM (Table S4), i.e., above 
the concentration range where SHS fluctuations were observed. Taken 
together, these observations are compatible with LLPS or prenucleation 
clustering below the predicted amorphous solubility limit; however, we 
regard this as a working hypothesis that would require orthogonal 
confirmation, and a more detailed investigation of these phenomena lies 
beyond the scope of the present work. To avoid underestimating kinetic 
solubility due to the transient short-lived species, the corresponding SHS 
signals were excluded from the apparent solubility calculation, giving a 
supersaturation propensity (SP) of 2.2 (versus 0.1 if included).

Miconazole is known to form micelle-like colloids with a reported 
critical micelle concentration (CMC) of 27 µM (Ghattas et al., 2018; 
Ottaviani et al., 2015). However, no SHS features consistent with 
micellization were observed at or above this concentration, and the 
fluctuations between 0.2 and 3.0 µM cannot be confidently attributed to 
micelles. The interpretation of SHS signals in relation to CMC will be 
further discussed in Section 4.4.1 using a reference surfactant system.

Figs. 6B and 6C show the SHS intensity profiles of ketoconazole and 
tamoxifen, respectively, across different concentrations and time points. 
Both compounds demonstrated strong supersaturation behaviour, with 
SP values of 16.4 for ketoconazole and 5.3 for tamoxifen, the highest 
among the tested drugs. The SHS profiles revealed a time-dependent 
shift in the concentration at which the SHS intensity begins to rise. At 
early time points (10 min), a signal increase was observed only at higher 
concentrations, whereas after 24 h, the onset of the SHS response 
occurred at lower concentrations. This shift suggests that the compounds 
remained in a supersaturated state over time, with aggregate formation 
becoming detectable only after prolonged incubation. The ability to 
sustain supersaturation can be related to the glass-forming ability (GFA), 
or the reduced glass transition temperature, or its inverse Tm/Tg ratio 
(Wyttenbach and Kuentz, 2017), where Tm is the melting temperature. 
According to the literature, both ketoconazole and tamoxifen are clas
sified as so-called class III glass formers (Wyttenbach et al., 2016). 
Tamoxifen has a Tg far below the experimental temperature (− 12.7 ◦C; 
Table S3), suggesting liquid-like behaviour that may favour sustained 
supersaturation and ultimately lead to LLPS. In contrast, ketoconazole 
(Tg = 47.9 ◦C; Table S3) would be expected to undergo a liquid-glass 
separation following a supersaturation regimen. Its relatively low Tm/ 
Tg ratio of 1.3 (Table S3) points to a reduced crystallization propensity, 
which, together with its high maximum amorphous solubility (Samorph 
~ 814 µM, Table S4), supports the high SP observed. Overall, these 
characteristics highlight both compounds as promising candidates for 
supersaturating formulations (Blaabjerg et al., 2018; Kuentz et al., 
2021).

In contrast, mefenamic acid, progesterone and testosterone showed 
no change in apparent solubility after 1 and 24 h, which set their SP to 
1.0. Mefenamic acid is GFA class I and testosterone GFA class II 
(Alhalaweh et al., 2015; Wyttenbach and Kuentz, 2017). For proges
terone, DSC analysis showed a melting point at 130.1 ◦C during the first 
heating cycle and a glass transition at 11.7 ◦C in the second heating 
cycle, consistent with a GFA Class II (Table S3). Simplified thermody
namic calculations suggested relatively high maximum amorphous sol
ubilities for testosterone (753.3 µM), progesterone (259.7 µM), and 
mefenamic acid (2319.5 µM) (Table S4), but these values were not ob
tained experimentally due to rapid precipitation and kinetic limitations. 
For all three compounds, visible precipitation occurred immediately at 
the highest tested concentrations, leading to extreme SH intensities that 
in some cases saturated the detector. For such compounds, alternative 
formulation strategies, e.g. lipid-based systems, may be necessary to 
cope with the solubility challenge. For a comprehensive overview of the 
SHS intensity profiles across concentrations and time points for all tested 
compounds, refer to the Supplementary Material (Fig. S3).

In summary, an advantage of the newly introduced technique is that 
it allowed for simultaneous measurement of supersaturation and solu
bility, while also providing insights into transient aggregation. 

Figure 6.tiff

Fig. 6. Normalized SHS intensity as a function of concentration for A) mi
conazole, B) ketoconazole, and C) tamoxifen, measured at 10 min (■), 60 min 
(●), and 24 h (▴) from preparation. The dashed horizontal line represents the 
average SHS signal of the highly water-soluble control, tartaric acid (n = 400), 
normalized to the blank. The grey shaded region indicates the corresponding 
standard deviation of this control signal. Insets show a zoomed view of the low- 
concentration region. Error bars indicate variability across 30 measurements of 
a single sample.
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Moreover, the method is non-destructive, allowing repeated measure
ments of the same samples at multiple time points.

4.4. Critical micelle and self-assembly concentrations

Lastly, the ability of the drugs to form micelles or other self- 
assembled structures was examined. The critical micelle concentration 
(CMC) is defined as the concentration at which compounds self-associate 
into micelles, and it has been shown to be more predictive of solubility 
enhancement in biorelevant media than traditional lipophilicity 
(Ottaviani et al., 2015).

This section presents our findings on concentration-dependent self- 
assembly of the model surfactant sodium lauryl sulphate (SLS) and 
several drugs with similar amphiphilic behaviour. The term amphiphilic 
is broadly understood for molecules with aggregation tendency at 
certain concentrations based on hydrophilic and hydrophobic moieties 
but without necessarily showing the clear head–tail structure of classical 
surfactants. While micelle formation and CMC are well-defined for 
traditional surfactants, the amphiphilic nature of the studied drugs in
troduces uncertainty regarding the specific type of self-assembled 
structures formed. Although our technique allowed us to observe 
concentration-dependent aggregation behaviour, we could not defini
tively determine whether the assemblies were classical micelles or other 
types of molecular aggregates. Therefore, we introduced the term crit
ical self-assembly concentration, CSAC to describe the concentration at 
which these compounds likely undergo self-assembly into organized 
structures based on the physical measurement.

4.4.1. Sodium lauryl sulphate
Bonhomme et al. demonstrated that SHS can resolve multistep 

micellization of model surfactants such as SLS and CTAB using a right- 
angle detection geometry (Bonhomme et al., 2021). By combining 
polarization-resolved SHS with mechanistic modelling, their work pro
vided insights into one-step versus two-step micellization pathways, 
thereby establishing the sensitivity of SHS to surfactant self-assembly. 
Building on this principle, we examined how micellization manifests 

in our forward-scattering, plate-based SHS instrument.
First, a reference system of the well-characterized surfactant SLS was 

analysed in deionized water. As shown in Fig. 7A, the SHS intensity of 
pure SLS in water (blue ●) gradually increases with increasing con
centration, reaching a peak at 2.5 mM. The rise in intensity (i.e., gen
eration of more SH photons) reflects an increase in local non- 
centrosymmetry caused by dynamic interactions between surfactant 
monomers and surrounding water dipoles during the onset of self- 
assembly. At concentrations above 2.5 mM, the SHS intensity drop
ped, indicating the formation of spherical micelles, where molecular 
packing and hydration layers become more isotropic, thereby reducing 
second-harmonic signal. A similar pattern was observed in SLS samples 
with added salt (blue ▴, ■), in which increasing NaCl concentration 
shifted the SHS intensity peak to lower concentrations.

As micelles assemble, interactions between surfactant monomers and 
water generate local asymmetries that enhance or suppress SHS. Recent 
work by Tarun et al. (Tarun et al., 2025) demonstrated that not only SHS 
intensity but also its variability can serve as an indicator of nanoscale 

Figure 7.tiff

Fig. 7. A) Normalized SHS intensity as a function of concentration for a single replicate set of surfactant sodium lauryl sulphate (SLS) in water (●), 0.01 M NaCl (▴), 
and 0.1 M NaCl (■), and tartaric acid in 0.1 M NaCl (Δ) as a highly soluble negative control. Error bars indicate variability across 30 measurements of a single sample 
(one well in the 96-well plate). B) Normalized standard deviation (Norm. STD), derived from 30 measurements, used as a metric for symmetry fluctuations within the 
sample. Data are shown for SLS in water (●), 0.01 M NaCl (▴), and 0.1 M NaCl (■), with tartaric acid in 0.1 M NaCl (Δ) as a control.

Table 2 
Comparison of literature critical micelle concentration (CMC) values, ionization 
state at pH 6.5, and measured critical self-assembly concentration (CSAC) for 
selected compounds.

Compound Mw (g/ 
mol)

Literature 
CMC 
(µM)

Unionized 
species 
(%, pH 6.5)*

CSAC 
(µM)

Amiodarone 645.3 6 0.3 20.8 ± 7.2 ​
Felodipine 384.3 151 99.3 325.3 ±

72.2
​

Fenretinide 391.6 43 99.9 NA ​
Meclizine 390.9 32 2.9 18.8 ±

10.8
​

Miconazole 416.1 27 51.5 NA ​
Tamoxifen 371.5 191 0.6 373.3 ±

46.2
​

Torcetrapib 600.5 10 100.0 17.7 ± 2.4 ​

*Calculated using MarvinSketch 24.1.2, Chemaxon (https://www.chemaxon. 
com).
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assembly dynamics. Building on this concept, we analysed the standard 
deviation of the SHS signal at each concentration as a complementary 
metric to the average SH intensity.

Fig. 7B presents the corresponding normalized standard deviation of 
the measured SHS intensity as a function of SLS concentration. Here, the 
standard deviation, derived from 30 consecutive measurements per 
sample, was used as a metric of the micellization dynamics. Greater 
variation in SHS intensity across these measurements indicated a higher 
degree of non-centrosymmetry within the bulk. Compared to the SHS 
intensity alone, the standard deviation data provided more refined 
peaks, allowing for the identification of CMC by capturing dynamic 
water fluctuations associated with micelle assembly.

Based on these observations, the CMC of SLS was identified as 5.0 
mM in water, 1.3 mM in 0.01 M NaCl, and 0.3 mM in 0.1 M NaCl so
lution by defining the critical point as the first local minimum following 
the peak in SH intensity. However, the gradual increase in the SHS in
tensity across all samples suggested that micellization was not an abrupt 
event occurring at a single concentration but rather a continuous process 
that progressed over a range of concentrations. Additionally, the 
decreasing trend in CMC with increasing salt concentration was 
consistent with established findings on the effects of electrolytes in 
surfactant systems. Thus, increased ionic strength is known to reduce 
electrostatic repulsion among anionic head groups, thereby promoting 
micellization at lower monomer concentrations (Palladino and Ragone, 
2011).

4.4.2. Amphiphilic drugs
In some cases, among the 14 drugs in the dataset, determining the 

CSAC was not feasible due to sample preparation constraints. Reported 
CMC values for several drugs exceed their solubility limits, preventing 
preparation of sufficiently concentrated stock solutions. As a result, 
seven compounds (corticosterone, flurbiprofen, ketoconazole, mefe
namic acid, piroxicam, progesterone, testosterone) were excluded from 
further analysis.

The measured CSAC values are shown in Table 2. In most cases, 
CSACs for the studied drugs were higher than the CMCs reported in the 
literature, with meclizine being the only exception. This observation 
may reflect fundamental differences in the self-assembly behaviour of 
amphiphilic drugs compared to traditional surfactants. Pure surfactant 
systems, such as SLS, typically form well-defined, highly symmetrical 
micelles that generate stable and interpretable SHS responses. In 
contrast, the drug samples exhibited increased heterogeneity due to the 
simultaneous presence of self-assembled structures and visible pre
cipitates. This added complexity introduced confounding effects in the 
SHS signal, complicating data interpretation. Moreover, the assemblies 
formed by the drugs may be less regular or symmetrical, which can lead 
to greater signal variability and noise.

Figs. 8A and 8B present the normalized SHS intensity and standard 
deviation profiles, respectively, for felodipine. This compound displayed 
clear signatures of self-assembly, as evidenced by the concentration- 
dependent increase followed by a pronounced drop in SHS intensity 
and a corresponding decrease in signal variability.

Additional SHS and standard deviation profiles for the remaining 
compounds are provided in Supplementary Figs. S4 and S5. Compounds 
such as amiodarone, meclizine, tamoxifen, and torcetrapib (Fig. S4) 
exhibited distinct self-assembly patterns, enabling determination of a 
critical self-assembly concentration (CSAC). In these cases, CSAC was 
primarily determined from SHS intensity profiles; normalized standard 
deviation data were used as supporting evidence, particularly when the 
intensity signal alone was ambiguous. In contrast, fenretinide and mi
conazole (Fig. S5) showed gradual increases in SHS intensity with no 
distinct features indicative of self-assembly. While this does not exclude 
micelle formation, no characteristic SHS drop was observed. Sample 
heterogeneity, including possible precipitation, may have masked SHS 
responses associated with molecular assemblies in these cases. It also 
cannot be ruled out that, for some compounds, liquid–liquid phase 
separation rather than micelle-like self-assembly contributed to the 
observed signal changes. However, distinguishing between these 

Figure 8.tiff

Fig. 8. A) Normalized SHS intensity as a function of concentration for felodipine, measured at 24  h from sample preparation. The plot shows data from three 
independent replicate sets (in shades of blue), along with a negative control (tartaric acid, in grey). Error bars represent variability across 30 measurements per 
sample. B) Normalized standard deviation of SHS intensity (n = 30) as a metric for symmetry fluctuations in the sample. Data are shown for three replicate sets of 
felodipine (in shades of purple) and the control (tartaric acid, in grey). A consistent drop in both SHS intensity and standard deviation at the critical self-assembly 
concentration (CSAC) was observed across all felodipine replicates. (For interpretation of the references to colour in this figure legend, the reader is referred to the 
web version of this article.)
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mechanisms was beyond the scope of the present study.
Ionization is generally expected to promote self-assembly due to 

increased amphiphilicity that goes in parallel to an increasing number of 
electrostatic interactions (Palladino and Ragone, 2011). However, no 
clear correlation between ionization state and self-assembly behaviour 
was observed in this study. Notably, felodipine and torcetrapib, both 
predominantly unionized at pH 6.5, exhibited measurable CSAC values, 
whereas, miconazole, with approximately 50 % of ionized molecular 
species, showed no SHS features indicative of self-assembly.

Collectively, these results demonstrate the potential of SHS to detect 
and quantify self-assembly phenomena in both traditional surfactants 
and amphiphilic drug compounds. While the SHS technique clearly 
identified CMC in SLS and CSAC in several drugs, its broad application to 
pharmaceutical compounds presents challenges due to structural het
erogeneity, ionization effects, and the unknown morphology of the 
resulting aggregates. These limitations highlight the need for comple
mentary analytical methods, but SHS nevertheless provides a direct, 
label-free means of monitoring self-assembly in solution with mecha
nistic insight into concentration-dependent aggregation processes that 
may affect drug solubility and absorption.

5. Conclusion

In this study, a novel solubility measurement technique based on SHS 
was introduced and evaluated for poorly water-soluble drugs. The 
method demonstrated several advantages, including HT capability, low 
solvent and compound consumption, and rapid analysis. In addition, the 
instrument provided structural insights into bulk organization and 
enabled the study of kinetic effects, broadening its use in pharmaceutical 
applications.

The solubility of 14 PWSDs was measured and compared to 
measured and literature data (Ottaviani et al., 2015) obtained by HPLC, 
whereby a strong correlation (r = 0.9273, p < 0.001, n = 14) was evi
denced. Supersaturation propensity was also quantified and interpreted 
in relation to drug properties such as glass-forming ability (GFA), glass 
transition temperature (Tg), Tm/Tg ratio, and calculated amorphous 
solubility. Furthermore, a formation of transient molecular clusters was 
observed for miconazole, a drug known for its strong aggregating 
behaviour (Ghattas et al., 2018; Ottaviani et al., 2015).

Finally, self-assembly behaviour was examined using SLS as a 
reference surfactant. Building on previous work (Bonhomme et al., 
2021), which showed the sensitivity of SHS to detect multistep micelle 
formation based on a right-angle geometry, we showed that micelliza
tion can also be resolved in a forward-scattering using a plate-based SHS 
platform. A new SHS-based method for CMC determination was pro
posed, defining the critical concentration as the first local minimum 
following a peak in SHS intensity. This approach was successfully 
applied to the pure surfactant system SLS, with the CMC measured at 
5.0 mM in water, 1.3 mM in 0.01 M NaCl, and 0.3 mM in 0.1 M NaCl 
solution.

The same strategy was used for seven poorly water-soluble drugs, 
however, since the structural nature of the aggregates remained uncer
tain, the term CSAC was introduced. SHS patterns resembling micelle- 
like colloids were observed for five compounds (amiodarone, felodi
pine, meclizine, tamoxifen, torcetrapib). In four cases, the measured 
CSAC exceeded the literature CMC values, likely reflecting irregular 
assemblies or precipitates masking the intensity drop. Incorporating 
linear light scattering in the next stage of instrument development could 
provide additional information to complement the SHS signal. None
theless, this study shows that SHS can probe not only drug solubility, but 
also supersaturation propensity and self-assembly of amphiphilic 
molecules.
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