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Abstract:

Among the detectors available in Liquid Chromatography, Evaporative Light-Scattering Detector (ELSD)
became in recent years a well established instrument thanks to several theoretical studies based on
fundamental investigations and numerous applications provided during the last thirty years. Indeed, ELSD is
considered as a nearly Universal, powerful and cost-effective technique, and is ideally appropriate for the
majority of the liquid chromatography applications. Today the power of this detection mode is further
extended with a new model whlch propc a and efficient Low-Temp hnology (LT-
ELSD™) bi w:th an i hamber, thus p g the hlghest sensmvmes with all

i latile and th labile ones.

To show the strength and the versatility of this new ELSD model, several liquid chromatography applications
are thoroughly developed in this work. These applications use the mosf recent Ilquld chromatography media,
such as Iti- de, HILIC and sub-tv icron particle phases, and
simultaneous analyses of a wide range of compounds belonging to lhe major chemical and biochemical
classes.

This work proposes several generic LC-ELSD and il the ly of the
compounds:

- Carbohydrates (mono-, di- and oligosaccharides) and polyols obtained with a gradient elution.
- Polar and non-polar lipids, which represents a very convenlent and efficient alternative to GC analyses.
- Amino acids without any tedlous ion step before

- Water-soluble and fat-soluble

- Inorganic ions without the use of any addmonal equipment such as ion suppressors.

- Organic and phenolic acids.

Validation data are provided and include low limits of detection (down to the sub -nanogram Ievels) to
emphasize the universality and the strength of this ing, highly ive and ffe

mode.

ing groups of

Generic HPLC/LT-ELSD Method for Carbohydrates
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LOD
RT %RSD (n=6) (SIN=3)
l Minutes | RT_| Response | ng (o.c.)
‘ | ‘ || ‘ 1 - Glycerol 3.05 0.07 4.1 145
- ‘ 1 | ~ 2- Rhamnose 365 0.04 2.0 229
£ J J | | | ‘ ” 3 - Erythritol 3.85 0.05 12 1.7
‘ | ‘ ‘ l 4- Arabinose 4.63 0.06 27 200
‘ \“H Bim | H I 5 - Xylose 4.79 0.06 17 200
!‘ 1\“ I m‘ I I I ;LJ‘L,, 6 - Fructose 5.51 0.06 3.1 154
L — S —= - |7-sorbitol 6.57 0.03 1.0 231
Minute 8 - Mannose 6.99 0.04 04 200
9 - Galactose 7.37 0.18 25 353
c of the Si HPLC/LT-ELSD 10 - Glucose 7.93 012 21 286
Analysis of Polyols, Mono-, Di- and Oli ides. 11 - Inositol 1225 | 005 1.0 86
12 - Sucrose 13.66 0.06 17 5.1
f;ntjaer::i:?‘;:ulztr:r:.zzpoLCompaunas (see Table beside) T3 Maltulose Tate 00a 7 >
Column: Imtakt UK-Amino (3pm, 3.0 x 250mm), 60°C 14 - Lactose 1523 0.06 15 6.2
Flowrate: 0.7mL/min 15 - Maltose 15.54 0.04 14 65
Crodient ;é%\ni|gCTO%A, 6-20 minutes: from 10%A to 25%A, 20-25 o= Trehalose 1649 | 005 18 345
minutes: 25%A 17 - Raffinose 19.54 0.04 34 337
18 - Maltotriose 20.30 0.04 06 387
Detector: SEDEX 90LT, 28°C, 3.5Bar 19 -Nystose 2228 003 e 209
20 - Maltotetraose 2345 0.03 07 349
* Semi-volatile compound
Generic HPLC/LT-ELSD Method for Lipids
LoD
RT %RSD (n=6) (SIN=3)
Minutes | RT | Response | ng (o.c.)
1 - Lauric acid 4.87 022 47 16.2*
2 - Linolenic acid 747 0.21 33 4.
z 3 - Myristic acid 7.58 0.21 2.1 16
4-Retinol (Vit A) 8.10 0.20 33 36
‘ 1 “ 5 - Linoleic acid 9.43 020 2.1 5.1
“. ‘J “‘ | ‘ | | | 6 - Monolein 1021 0.14 33 48
1 | ] LI 7 - Palmitic acid 1143 | 025 29 08
' ‘M,,“,,, “ 8 - Oleic acid 1235 | 023 20 57
9 - Hexadecanol 1288 | 0412 46 2.1
- of the Si HPLC/LT-ELSD 10 - Stearic acid 1577 | 0.6 22 05
Analysis of Fatty Acids, Fatty Alcohols, Fat-Soluble 11 - Octadecanol 17.32 0.11 26 0.5
Vitamins, Mono-, Di- and TriGlycerides and Related 12 - Eicosanol 2163 0.06 3.1 0.7
Compounds. 13 - Cholesterol 23.80 017 28 1.3
Standard mixture: 25 > Campourds (see Table beside) 14 - Docosanol 2557 | 006 32 09
Injection volume: 2| 15 -a-Tocopherol (VitE) | 2580 | 0.05 29 38
Column: Hypersil GOLD (1,94m, 2,1 x 200mm), 60°C 16 - Vitamin K 2920 | 002 36 38
E:ﬁfﬁ'i ?\AaeguEgN/HQO/Formm acid (500:300:198:2) - B 17 - Squalene 3254 | 012 20 24
MeOH/Acetone/Formic acid (598:400:2) 18 - Diolein 34.13 0.05 238 23
Gradient: 0-3 minutes: 100%A, 3-43 minutes: from 100%A to 100%B |18 - Trilaurin 3650 | 0.10 3.1 2.1
20 - Trilinolenin 3890 | 0.08 4.0 25
Detector: SEDEX 90L.T, 28°C, 3.5Bars 2T Trimyriatin 2057 | 008 e i
22 - Coenzyme Q10 4100 | 003 27 1.8
23 - Trilinolein 4173 | 0.06 36 19
24 - Tripalmitin 4409 | 0.06 39 17
25 - Triolein 4429 | 0.06 45 1.4

* Semi-volatile compound
Chromatogram of the HPLC/LT-ELSD Analysis of
Phospholipids.

Standard mixture: Phospt
and Sphing

Injection volume: 2L
Column: Hypersil GOLD (1,9pm, 2,1 x 200mm), 60°C
Flowrate: 0.3mL/min
Eluent: A: MeOH/ACN/H20/Formic acid (500:300:198:2) - B:
i MeOH/Acetone/Formic acid (598:400:2)
Gradient: 0-3 minutes: 100%A, 3-43 minutes: from 100%A to 100%B

Minute

Detector: SEDEX 90L.T, 40°C, 3.5Bars
Conclusion:

. The les developed in this work d

Direct HPLC/LT-ELSD Analysis of Amino Acids LoD
RT %RSD (n=6) (SIN=3)
Minutes | RT | Response | ng(o.c)
1 - Taurine 1.06 0.05 17 2.2
2-Glycine 1.47 0.04 21 28
3 - Aspartic acid 164 0.05 14 23
2 ‘ 4- Glutamine 177 0.04 3.2 32
5 - Glutaric acid 2.01 0.06 14 25
6 - Threonine 2.10 0.04 1.0 23
‘H 7-GABA 2.50 0.06 6.1 20
- — 8 - Cysteine 2.65 0.03 32 43
o : : s : ® 9 - Ornithine 323 0.05 1.1 24
10 - Lysine 5.17 0.19 14 52
11 - Proline 5.65 0.21 1.0 75
Chromatogram of the Direct HPLC/LT-ELSD Analysis of 12 - Histidine 7.23 0.14 16 38
Amino Acids. 13 - Theanine 9.37 0.14 17 6.7
_ ) 14 - Arginine 11.29 017 15 45
ﬁ‘tjaer::izrrc‘izulztr:::zzuzl_(:ompounds (see Table beside) 5 vaine = 01 o s
Column: Zorbax SB-C18 (1,8um, 2,1 x 150mm), 40°C 16 - Methionine 12.53 0.14 19 64
Flowrate: 17 - Tyrosine 14.67 0.05 24 29
Eluent: A: H20 + (0,5% TFA, 0,3% HFBA) - B: ACN -

Gradient: 0-3 minutes: 100%A, 3-10 minutes from 0%B to 5%B, 10-20 | 18- Isoleucine 17.13 0.07 18 17
minutes: from 5%B to 35%B, 20-22 minutes: 35%B 19 - Leucine 17.60 0.03 17 16
. 20 - Norleucine 17.86 0.07 13 15
Detector: SEDEX 90LT, 50°C, 3.5Bar 1 Phenyiaianine 878 003 0o P
22 - Tryptophane 19.88 0.06 13 14

Generic HPLC/LT-ELSD Method for Vitamins

‘ LoD
RT %RSD (n=6) (SIN=3)
Minutes RT Response | ng (0.c.)
z 1-B1 092 011 26 57
2-B8 1.14 0.09 62 63
3-B6 1.44 0.16 27 18
I 4-C 194 0.25 24 96
5-B5 7.32 0.15 68 6.9
Minute ’ 6-B9 9.92 0.09 31 8.0
cl of the Si HPLC/LT-ELSD 7-B12 1047 011 41 46
Analysis of Water- and Fat-Soluble Vitamins. 8-B2 10.49 0.11 3.4 5.0
9-B7 10.70 0.09 42 48
Standard mixture: 15 Compounds (see Table beside)
Injection volume: 2y 10-A 17.64 0.06 67 1.7
Column: Imtakt Scherzo SM-C18 (3um, 2 x 150mm), 30°C 11-K2 20.87 0.07 21 142
Flowrate: 0.3mL/min 12.02 22.89 006 15 476
: +0,3% -B:
Cradien: 0ot minte jg;/?: 8540 minutes: rom 0% to 30%B, 13:03 23.26 0.06 26 526
10-11 minutes: 30%B, 11-12 minutes: from 30%B to 100%B, 12-26 14-E 2361 007 16 45.0
minutes: 100%8 15 - K1 25.86 0.07 1.7 41.7
Detector: SEDEX 90L.T, 40°C, 3.5Bar
Generic HPLC/LT-ELSD Method for Inorganic lons
LoD
RT %RSD (n=10) (SIN=3)
Minutes RT Response | ng (o.c.)
1-NO3 2.76 0.1 2.2 58
2-Br 393 0.07 34 6.7
H 3-cl 460 0.09 4.0 8.1
4-K 7.21 013 19 95
5-Na 7.80 0.12 17 35
6-PO4 10.05 0.06 34 154
7-504 11.22 0.04 238 103
Minute | 8-2n 1205 0.07 29 6.7
9-Mg 12.59 0.09 3.2 0.6
10-Ca 13.06 0.17 25 1.3
[o] of the Sii HPLC/LT-ELSD Analysis of Inorganic Anions and Cations.
Standard mixture: 10 Compounds (see Table beside)
Injection volume:
Column: ZIC-HILIC (3.5pm, 2.1 x 150mm), 40°C
Flowrate: 0.3mL/min
Eluent: A: Ammonium formate 20mM, pH:3 - B: ACN
Gradient: 0-3 minutes: 20%A, 3-10 minutes: from 20%A to 80%A, 10-15 minutes: 80%A
Detector: SEDEX 90T, 40°C, 3.5Bar
HPLC/LT-ELSD Analysis of Organic Acids LoD
RT %RSD (n=8) (SIN=3)
Minutes RT | Response | ng (o.c.
1 - Quinic acid 1.60 0.09 2.1 4.5
2 - Malic acid 2.08 0.09 1.9 77
3 - Tartaric acid 2.37 0.1 27 20.9
4 - Succinic acid 327 0.20 22 9.0
5 5 - Citric acid 4.11 025 1.3 253
£ 6 - Gallic acid 7.60 0.31 1.9 8.0
7 - Lactic acid 9.81 0.18 24 55.9*
8 - Protocatechuic acid 10.21 0.14 24 37
9. 4-HPAC 12.32 0.09 1.7 34
10- ic acid 13.16 0.07 2.2 4.0
Minute 11 - Syringic acid 13.62 0.07 3.0 23
12 - Gentisic acid 14.97 0.06 1.9 6.2
* Semi-volatile compound
Ci of the Si HPLC/LT-ELSD Analysis of Organic and Phenolic Acids.

Standard mixture: 12 Compounds (see Table beside)

Injection volume: 2

Column: Imtakt Scherzo SM-C18 (3ym, 2 x 150mm), 30°C

Flowrate: 0.3mL/min

Eluent: A: H20 +0,3% HCOOH - B: ACN + 1% HCOOH

Gradient: 0-2 minutes: 100%A, 2-10 minutes: from 0%B to 20%B, 10-15 minutes: 20%B

Detector: SEDEX 90L.T, 30°C, 3.5Bar

the Universal applicability of LT-ELSD in HPLC with high sensitivities for various types of compounds such as mono-, di- and oligosaccharides, polyols, fatty acids, fatty alcohols,

mono-, di- and triglycerides, phospholipids and other compounds related to lipids, fat- and water-soluble vitamins, amino acids, organic acids, phenolic acids, inorganic anions and cations. These applications using a single detector are

straightforward to operate and do not require any additional equipment.

. The New SEDEX 90LT benefits from both the Low-Temperature technology and a new optical head design based on a laser, which results in an ity i with LOD (n=3) down to the low-nanogram and even to the
sub-nanogram levels (e.g. 500pg for Stearic acid and Octadecanol, 600pg for Mg, 700pg for Eicosanol,...).
. As a conclusion, the association of the most recent chromatography media and the New generation of high-performance ELSDs provides the analysts with a quite relevant and t-effecti lution to their sep: ion and

quantification challenges.
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