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ToF-SIMS & 3D OrbiSIMS (HybridSIMS)

Time of flight (ToF) secondary ion mass spectrometry (SIMS)

• Highly surface sensitive (1 -3 nm) label free imaging Spectrometry.

• Developed for semi-conductor industry with applications now spanning most 
disciplines. 

Image courtesy of The Wellcome Trust

ToF-SIMS 3D OrbiSIMS (HybridSIMS)



ToF-SIMS – Modes of Operation

1. Surface Spectrometry (static SIMS)

Application of very low primary ion dose densities

- quasi non-destructive surface analysis

2. Surface Imaging (static SIMS)

Rastering of a finely focussed ion beam over the surface

- mass resolved secondary ion images (chemical maps)

3. Depth Profiling (dynamic SIMS) & 3D Rendering

Application of high primary ion dose densities

- successive removal of top surface layers
- elemental in-depth distribution



Permeation of actives 
using ToF-SIMS



Introduction

Franz Cell
Donor 

compartment

Acceptor 
compartment

Skin

HPLC analysis • No permeation analysis in 
the upper layers.

• Relies on extraction of 
actives from the tape 
strips/remaining skin 
tissue.

• No information on spatial 
distribution.

HPLC currently the ‘gold standard‘ skin permeation analysis . . . . . . 

Topical applications include:

1. Antibacterial

2. Pharmaceutical

3. Cosmetic

Imaging:

• Raman

• CARS / SRS

• MALDI

• ToF-SIMS



In vitro sampling (by-product of food)
 Porcine skin

 Ear tissue

 Easily removed from cartilage

 Used in Franz cell testing

In vivo sampling
 Tape stripping

 Simple

 Minimally invasive

 Safe to use on human volunteers 

Skin sampling

Introduction



• Mouthwash

• Contact lens solutions

• Pre-surgery skin cleansers

Prym
esoak

Chlorhexidine is a chemical antiseptic effective on both Gram-positive and 
Gram-negative bacteria.

Found used safely in low concentrations in many products, such as:

* Sufficient tissue Permeation vital, insufficient = bacterial re-colonisation

Antibacterial
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Use of polyamidoamine (PAMAM) dendrimers to enhance topical delivery of chlorhexidine to improve 
antimicrobial efficacy

No PAMAM 1 No PAMAM 2 No PAMAM 3

PAMAM 1 PAMAM 2 PAMAM 3

Holmes, Scurr, Heylings, Wan & Moss., J. Pharm. Sci., 2017, 104
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Types of BCC:
• Superficial - without penetration into

the dermis.

• Nodular - with deeper penetration.

Treatment options:

• Surgery for nodular legions

• Topical with Aldara™ (imiquimod) for

the treatment of superficial lesions.
Basal Cell Carcinoma

Source: [Mayo Foundation for Medical Education & Research].

Basal cell carcinoma (BCC) is the most common type of
skin cancer which develops from the lowest epidermal
layer.

C14H16N4

Molecular weight = 240

Partition coefficient = 2.74

Practically insoluble in water

Soluble in DMSO & oleic acid

Drug Delivery



Permeation study of Aldara™ cream

Determination of imiquimod amount recovered from different samples by HPLC

 Most of imiquimod was recovered from the skin wash with a little amount recovered from the remaining skin.
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Al-Mayahy, Sabri, Rutland, Holmes, Marlow & Scurr (2019) Eur. J. Pharm. Biopharm, 139

Microneedle Enhanced Drug delivery
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Ascorbic 

Acid

C6H7O6
-

Ascorbyl

Glucoside

C12H17O11
-

Ethyl 

Ascorbic 

Acid

C8H11O6
-

Starr, Hamid, Wibawa, Marlow, Bell, Perez Garcia, Barrett & Scurr (2019) Int. J. Pharm., 563

Cosmetic



3D ion image

XZ View

AA in Gel

Ascorbic acid (AA) permeation

AA in PBS

XZ View

3D ion image

[M-H]-

m/z = 175

Starr, Hamid, Wibawa, Marlow, Bell, Perez Garcia, Barrett & Scurr (2019) Int. J. Pharm., 563
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Starr, Hamid, Wibawa, Marlow, Bell, Perez Garcia, Barrett & Scurr (2019) Int. J. Pharm., 563

Cosmetic



• Requirement to better understand multicomponent systems e.g biological systems

• Key enabling technology for high throughput (HT) materials screening

• Created by contact or inkjet printing = thousands of unique materials on a glass slide

Anderson et al. 2004
Nature Biotech 

Image courtesy of Andrew Hook

Microarray Printing
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Novel insights into skin 
biology using ToF-SIMS 

and 3D OrbiSIMS 



Lipid compositions of cells isolated from pig, human, and rat epidermis 
G. M. Gray and H. J. Yardley , Journal of Lipid Research, 1975, 16, 434-440

Chemical composition of the skin

Native Skin Analysis



Current research focuses

Skin Pharmacol. Physiol., 2015, 28, 42-55

Skin Research and Technology, 2006, 12:3, 145-154

Biochim Biophys Acta., 2014, 1841:1, 70-79

Native Skin Analysis



Scientific reports, 2013, 3:1731

Pharm. Res., 2013, 30, 1896-1905

Biointerphases, 2013, 8:3

Contact Dermatitis, 78, 109–116

ToF-SIMS Native Skin Analysis



ToF-SIMS Native Skin Analysis

Native skin analysis at University of Nottingham

***
****

****
****

Young Old

Cholesterol sulfate levels



3D OrbiSIMS (HybridSIMS)

"Surface analysis meets organic mass spectrometry“ 
IONTOF

 Mass resolution > 240,000 
 Mass accuracy < 1 ppm 
 High resolution cluster SIMS imaging

 Unambiguous peak identification
 MS/MS capabilities

Passarelli et al., Nature Methods, 2017, 14, 1175–1183

3D OrbiSIMS Native Skin Analysis



Hybrid SIMS
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In vivo sampling  surface analysis
 Human volunteers
 Individual layers of SC

Ex vivo sampling  profiling
 Porcine or human (less used)
 3D analysis

Number of peaks with intensity value > 105 for Hybrid SIMS = 874

Number of peaks with intensity value > 103 for SIMS IV = 621

Number of peaks with intensity value > 103 for Hybrid SIMS = 9791

Orbitrap SIMS single beam –
Single quasi - DC beam ( Arn , n > 1000)

3D OrbiSIMS Native Skin Analysis

In vivo and ex vivo analysis methods
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Stratum corneum gradients (Tape strips)



Tape strip no.
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Stratum corneum gradients (Tape strips)



3D OrbiSIMS Native Skin Analysis

Chemical distributions (Tape strips)



Depth analysis

Ex vivo porcine skin

Positive

Negative

Non-negative matrix factorisation analysis

Hybrid SIMS depth profile

Zetteson et. al., Journal of Investigative Dermatology , 1998, 111, 5, 784-790

3D OrbiSIMS Native Skin Analysis

Depth profile analysis
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• Exogenous compounds can be traced permeating through in vitro and in vivo skin using ToF-SIMS 
as demonstrated for:

• Antibacterial
• Pharmaceutical
• Cosmetic

• The hybrid SIMS instrument was able to elucidate differences in lipid composition as a function of 
depth, previously unattainable using the SIMS IV instrument. 

• Differences in the lateral distribution of lipid species could also be obtained, indicating that lipids 
with different chemistries, such as ceramides and fatty acid species are distributed differently 
within a single SC layer. 

Conclusions
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Source: SciVal (55 articles: 2012 - 2017)
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Imiquimod molecular ion C14H17N4
+ intensities for sequential tape strips from porcine 

skin with different treatment modalities. n=12 analytical repeats. Mean ± SEM

Microneedle Enhanced Drug delivery
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