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Supplementary 

 

1. HLB calculated of Surfactants 

 

1.1. Non-ionic Surfactant 

For no-ionic surfactants, the HLB values of individual surfactant molecules can be 

calculated applying the Griffin formula [1]: 

 

𝐻𝐿𝐵 =
20 ×  𝑀𝑊𝐻

𝑀𝑊𝐻 + 𝑀𝑊𝐿
 

Where, MWH = molar weight of hydrophilic portion and MWL = molar weight of 

hydrophobic portion. 

 

*Lauryl glucoside HLB: 

 

Figure. 1. Chemical structure of Lauryl glucoside 

 

𝑯𝒚𝒅𝒓𝒐𝒑𝒉𝒊𝒍𝒊𝒄 𝒑𝒐𝒓𝒕𝒊𝒐𝒏 = 𝑀𝑊(𝐶6𝐻11𝑂6) = (12.01 × 6) + (1.01 × 11) + (16.00 × 6)

= 179.15 𝐷𝑎 

𝑯𝒚𝒅𝒓𝒐𝒑𝒉𝒐𝒃𝒊𝒄 𝒑𝒐𝒓𝒕𝒊𝒐𝒏 = 𝑀𝑊(𝐶12𝐻25) = (12.01 × 12) + (1.01 × 25) = 169.32 𝐷𝑎 

𝑯𝑳𝑩 𝑳𝒂𝒖𝒓𝒚𝒍 𝑮𝒍𝒖𝒄𝒐𝒔𝒊𝒅𝒆 =
20 × 179.15

179.15 + 169.32
= 𝟏𝟎 

 

1.2. Cationic Surfactans 

For ionic surfactants, the HLB values of individual surfactant molecules can be 

calculated applying the Davies formula [2]: 

 

𝐻𝐿𝐵 = ∑(𝐻𝑦𝑑𝑟𝑜𝑝ℎ𝑖𝑙𝑖𝑐 𝑔𝑟𝑜𝑢𝑝 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑠) − ∑(𝐻𝑦𝑑𝑟𝑜𝑝ℎ𝑜𝑏𝑖𝑐 𝑔𝑟𝑜𝑢𝑝 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑠) + 7 

 

Hydrophilic and hydrophobic group values are taken from the Davies tables [3].  
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*Hydroxyethyl-Behenamidopropyl-Diammonium Chloride (HBDC) HLB: 

𝑯𝑳𝑩 𝑯𝑩𝑫𝑪 = (22.0 + 9.4 + 2.1 + 1.9) − (24 × 0.475) + 7 = 𝟑𝟏 

 

* Behentrimonium Methosulphate (BT-MS) HLB: 

𝑯𝑳𝑩 𝑩𝑻 − 𝑴𝑺 = (22.0) − (22 × 0.475) + 7 = 𝟏𝟗 

 

* Cetrimonium Chloride (CT-Cl) HLB: 

𝑯𝑳𝑩 𝑪𝑻 − 𝑪𝒍 = (22.0) − (15 × 0.475) + 7 = 𝟐𝟐 

 

*Polyquaternium 70 (PQ70) HLB: 

𝑯𝑳𝑩 𝑷𝑸𝟕𝟎 = (22 + 2.1 + 2.1 + 1.3 × 8 + 1.9) − (69 × 0.475) + 7 = 𝟏𝟑 

 

1.3. Surfactants mixtures 

 

System 1  

𝐻𝐵𝐷 − 𝐶𝑙: 𝐵𝑇 − 𝑀𝑆 (1: 3) =
(31 × 0.25) + (19 × 0.75) + (10 × 0.2)

1.2
= 𝟐𝟎 

System 2 

𝐻𝐵𝐷 − 𝐶𝑙: 𝐵𝑇 − 𝑀𝑆 (1: 1) =
(31 × 0.5) + (19 × 0.5) + (10 × 0.2)

1.2
= 𝟐𝟑 

System 3  

𝐻𝐵𝐷 − 𝐶𝑙: 𝐵𝑇 − 𝑀𝑆 (3: 1) =
(31 × 0.75) + (19 × 0.25) + (10 × 0.2)

1.2
= 𝟐𝟓 

System 4  

𝐻𝐵𝐷 − 𝐶𝑙: 𝐶𝑇 − 𝐶𝑙 (1: 3) =
(31 × 0.25) + (22 × 0.75) + (10 × 0.2)

1.2
= 𝟐𝟐 

System 5  

𝐻𝐵𝐷 − 𝐶𝑙: 𝐶𝑇 − 𝐶𝑙 (1: 1) =
(31 × 0.5) + (22 × 0.5) + (10 × 0.2)

1.2
= 𝟐𝟒 

System 6  

𝐻𝐵𝐷 − 𝐶𝑙: 𝐶𝑇 − 𝐶𝑙 (3: 1) =
(31 × 0.75) + (22 × 0.25) + (10 × 0.2)

1.2
= 𝟐𝟔 

System 7 

𝐻𝐵𝐷 − 𝐶𝑙: 𝑃𝑄 − 70(1: 3) =
(31 × 0.25) + (13 × 0.75) + (10 × 0.2)

1.2
= 𝟏𝟔 
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System 8  

𝐻𝐵𝐷 − 𝐶𝑙: 𝑃𝑄 − 70(1: 1) =
(31 × 0.5) + (13 × 0.5) + (10 × 0.2)

1.2
= 𝟐𝟎 

System 9  

𝐻𝐵𝐷 − 𝐶𝑙: 𝑃𝑄 − 70(3: 1) =
(31 × 0.75) + (13 × 0.25) + (10 × 0.2)

1.2
= 𝟐𝟒 

System 10  

𝐵𝑇 − 𝑀𝑆: 𝐶𝑇 − 𝐶𝑙 (1: 3) =
(19 × 0.25) + (22 × 0.75) + (10 × 0.2)

1.2
= 𝟏𝟗 

System 11 

𝐵𝑇 − 𝑀𝑆: 𝐶𝑇 − 𝐶𝑙 (1: 1) =
(19 × 0.5) + (22 × 0.5) + (10 × 0.2)

1.2
= 𝟏𝟗 

System 12 

𝐵𝑇 − 𝑀𝑆: 𝐶𝑇 − 𝐶𝑙 (3: 1) =
(19 × 0.75) + (22 × 0.25) + (10 × 0.2)

1.2
= 𝟏𝟖 

System 13  

𝐵𝑇 − 𝑀𝑆: 𝑃𝑄 − 70 (1: 3) =
(19 × 0.25) + (13 × 0.75) + (10 × 0.2)

1.2
= 𝟏𝟒 

System 14 

𝐵𝑇 − 𝑀𝑆: 𝑃𝑄 − 70 (1: 1) =
(19 × 0.5) + (13 × 0.5) + (10 × 0.2)

1.2
= 𝟏𝟓 

System 15 

𝐵𝑇 − 𝑀𝑆: 𝑃𝑄 − 70 (3: 1) =
(19 × 0.75) + (13 × 0.25) + (10 × 0.2)

1.2
= 𝟏𝟔 

System 16  

𝐶𝑇 − 𝐶𝑙: 𝑃𝑄 − 70 (1: 3) =
(22 × 0.25) + (13 × 0.75) + (10 × 0.2)

1.2
= 𝟏𝟒 

System 17 

𝐶𝑇 − 𝐶𝑙: 𝑃𝑄 − 70 (1: 1) =
(22 × 0.5) + (13 × 0.5) + (10 × 0.2)

1.2
= 𝟏𝟔 

System 18 

𝐶𝑇 − 𝐶𝑙: 𝑃𝑄 − 70 (3: 1) =
(22 × 0.75) + (13 × 0.25) + (10 × 0.2)

1.2
= 𝟏𝟖 
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2. Required HLB of oil phase 

Required HLB from each component of the oil phase were taking from literature [4–6], and 

the required HLB of the total oil phase was calculated using Griffin formula [1]: 

 

𝐻𝐿𝐵𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 = ∑ 𝐻𝐿𝐵𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑𝑖
× 𝑓𝑖 

 

Were 𝑓𝑖 is the mass or weight fraction of the oil i. 

 

Due to the above, the required HLB of the oil phase used in this formula is: 

Ingredient % (w/w) Required HLB 

Cetearyl-alcohol 4.0 13.2 [4] 

Coco-caprylate 0.5 9.3 [5] 

Shea butter 0.3 7.0 [6] 

 

𝐻𝐿𝐵𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 = (
(13.2 × 4) + (9.3 × 0.5) + (7 × 0.3)

4.8
= 𝟏𝟐. 𝟒 
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